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FOREWORD 

The Weight/Sizing Design Synthesis Computer Program was developed by McDonnell 
Douglas Astronautics Company - East under Contract NAS 9-12989 for the National 
Aeronautics and Space Administration, Lyndon B. Johnson Space Center, Houston, 

Texas. The contract involved a study to derive basic weight estimation relation- 
ships for those elements of the Space Shuttle vehicle which contribute a signifi- 
cant portion of the inert weight. These relationships measure the pacing parameters 
of load, geometry, material, and environment. The weight estimation relationships 
are then combined into the Weight/Sizing Design Synthesis Computer Program. 

This report is submitted in three volumes: 

I Program Formulation 

II Program Description 

III User Manual 

This volume contains the definition of the Weight/Sizing Design Synthesis 
Computer Program, along with the rationale leading to its development. Included 
is a listing of the weight scaling models, the physical description of the 
equations, and supporting weight data. 
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1 . INTRODUCTION 

The primary objective of this study was the development of a Weight/Sizing 
Design Synthesis Methodology to be used in support of the main line Space Shuttle 
Program. This methodology has a minimum number of data inputs and quick turn 
around capabilities consistant with the objective of enabling the NASA to rapidly, 
(a) make weight comparisons between current Shuttle configurations and proposed 
changes, (b) determine the effects of various subsystems trades on total systems 
weight, and (c) determine the effects of weight on performance and performance 
on weight . 

We have used the technology developed during the Space Shuttle Phase B 
Program as our starting point, and expanded this technology into a workable 
family of weight estimation models tailored to the parallel burn Orbiter with 
an external LOX/LH 2 tank and a solid rocket motor booster. These models permit 
rapid weight and sizing calculations to be made with sufficient accuracy to 
measure the load, material, geometry, system configurations, and environmental 
parameters of interest to the Shuttle Program. 

The study was organized into six tasks conducted in three distinct steps. 

The first step was to identify and deliver baseline programs (Task l),and to 
review existing technology to identify each equation and to scope the effort 
required to develop each element (Task 2) . Our starting point was the existing 
CASPER Configuration Analysis, Sizing and PER formance) program, developed for a 
fully reusable Space Shuttle, and APSE (Analytical Parametric System Evaluation) , 
which is an expanded version of CASPER, capable of multiple vehicle baseline 
configurations, and the VSP (Vehicle Sensitivities Program), developed to provide 
vehicle sensitivities. These baseline programs, along with informal user guides, 
were delivered to the NASA at the initial review on 30-31 August 1972. 

The second step of this study, Tasks 3, 4, and 5, was to develop the required 
weight/sizing equations. We concentrated our efforts on those elements which 
contribute a significant fraction of the inert weight, and have a significant inter- 
face with the major load, material, and configuration parameters of the Shuttle. 

We identified these key elements as the wing and tail torque box, the body 
basic structure, the landing gear structure, the external tank, and the 
propulsion system inerts. The models for these key elements are developed (Task 
3) from analytical relationships to a level consistent with overall input data 

requirements and required output accuracy. The remaining elements, such as the 
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Thermal Protection System, Controls, Power, and Avionics, are represented by 
empirical relationships developed (Task 4) from existing models, hardware data, 
or Shuttle study data. Accuracy is demonstrated (Task 5) at both system and 
subsystem levels. 

The third step, Task 6, refined the logic of the baseline APSE program, 
and oriented it to the current configuration of an external tank orbiter with 
a solid rocket motor booster. Additional work consisted of incorporating 
the developed equation into the refined program and installing it on the 
JSC UNIVAC 1108 computer. 

The results of this study will provide the NASA with a weight/sizing 
computer program that: (a) can analyze the current configuration and ongoing 

efforts, (b) provides various vehicle sizing options, including size to payload, 
size to gross weight, and size to critical mission. The program will compute 
delta payload or delta performance with provision for constant thrust or T/W ratios, 
and (c) provide gross weight sensitivity to various system parameters, including 
payload weights and volumes, on orbit AV, system inert weights, I , and thrust 

£> ir 

level . 
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2. APPROACH 

Step 1, encompassing Task 1, Identify and Deliver Baseline Programs, and 
Task 2, Review Existing Technology to Identify Each Equation and Scope the 
Effort Required to Develop Each Element, was utilized as the basis for formu- 
lating the Weight/Sizing Design Synthesis Computer Program. This step defined 
our starting point and depicted our anticipated results. 

Step 2, including Task 3, Development of Analytical Models for Key Elements, 

Task 4, Refinement of Empirical Models for Remaining Elements, and Task 5, Weight 
Model Accuracy, derived the weight-estimation models to be used in defining the 
orbiter, booster, and external tank modules. 

Step 3 is essentially the culmination of the study. This step (Task 6) 
formulates the Weight/Sizing Design Synthesis Computer Program. This is the 
Executive Sizing PER formance (ESPER) program. 

The ESPER program is a multioption sizing/synthesis program geared to the 
Solid Rocket Motor (SRM) Booster in parallel with an external hydrogen/oxygen 
tank orbiter for either the easterly (28-1/2 deg inclination) polar (90 deg 
inclination), or resupply (55 deg inclination) missions. The program has two 

primary options: 

(a) fixed hardware, and 

(b) iterative vehicle sizing. 

The fixed hardware option determines the payload capability of a given configuration. 
This allows the user to determine the effect on performance of configuration and/or 
criteria changes, either real or proposed. 

The iterative vehicle sizing option physically sizes the vehicles for a 
given payload. It determines the size of the SRM and its propellant load, and the 
size of the external tank and its corresponding propellant load. The iterative 
procedure is based on either the sizing criteria of a fixed staging velocity or it 
will size the vehicle to a minimum gross lift off weight (GLOW) . The minimum GLOW 
option is provided as it is generally associated with a minimum cost operation. 

In turn, either of the sizing requirements can be run with a fixed thrust 
option in which both the booster and orbiter thrust are set at given values and 
the propellant requirements are determined, or the orbiter thrust can be 
fixed and the first stage thrust-to-weight ratio input. The fixed thrust-to- 
weight options determines the booster engine size, plus the propellant requirements. 
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Each of the vehicles has several modes of analysis available. The orbiter, 
external tank, and booster weight can be determined by the option of detail 
analysis, detail analysis while maintaining a user input dry weight, or no analy- 
sis but simply utilizing an input weight to represent the vehicle. In addition, 
the external tank and the booster are represented by simplified equations in 
which the parameters of interest are curve-fit to determine the vehicle weight. 

In addition to printing out the performance parameters, the option is avail- 
able to print out the detail subsystems weights of each vehicle, providing a 
line item comparison with the current Shuttle vehicle. Another option would 

be a simplified printout, containing only the vehicle dry or burn out weight as 
listed in the performance parameters. 

Two performance subroutines are tied into the ESPER program to allow the 
user to determine growth characteristics or vehicle sensitivities. 

ESPER is fundamentally based on the control logic found in the Analytical 
Parametric Systems Evaluation (APSE) program delivered to NASA at ATP plus 6 weeks. 
APSE is primarily a multivehicle program in which many types of vehicles and 
configurations can be compared, i.e., fully reusable configuration, external 
hydrogen tank orbiter, pressure feed booster, series burn, as well as the current 
baseline solid rocket motor (SRM) booster with an external hydrogen/oxygen tank 
orbiter . 

Inherent with the multivehicle concept are extremely simplified weight rela- 
tions, as depicted in the APSE system sizing network (Figure 2-1). The weight 
equations in APSE consisted primarily of mass fractions, with the booster being a 
function of thrust and propellant load, the orbiter a function of thrust, and the 
external tank a function of required propellant. These mass fractions were derived 
from study point designs, and required continual updating to meet the ever changing 
criteria. With ESPER being based on the current baseline vehicle, and the multi- 
vehicle studies dropped, the major emphasis of this study was directed to the 
expansion of the weight relationships. 

Figure 2-2 presents a simplified flow chart of the ESPER program. The program 
consists of three vehicle modules, two functional modules, and three performance 
subroutines. The vehicle modules contain the analytical and empirical equations 
and relationships required to completely define the orbiter and booster, and the 
external tank respectively. As noted in the introduction, these equations will 
measure the pacing parameters of load, material, and geometry. The functional 
modules describe the vehicle sizing and the trajectory analysis. The output 
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is an analyzed vehicle which, when coupled with the performance subroutines, will 
allow the user to derive growth accommodations, sensitivites , and payload 
capabilities. These modules and subroutines operate under the logic and direction 
of the Control/Assembly program. 



FIGURE 2-2 ESPER FLOW CHART 

The APSE program was selected as the basic sizing logic after a review of 
existing sizing/synthesis programs. The review consisted of all available 
Space Shuttle Phase A, Phase B, and Extension Study data. In addition to the 
Space Shuttle Study reports, a total of ten additional reports were reviewed 
which might have had applicability to the weight/sizing effort of this study. 
The reports reviewed are: 

(1) "Space Shuttle Synthesis Program (SSP)" , Report No. GDC-DBB70-002 , 
dated December 1970, submitted under Contract NAS 9-11193 to NASA-MSC 
by General Dynamics Convair . 

(2) "Improved Scaling Laws for Stage Inert Mass of Space Propulsion 
Systems", Report SD 71-534, dated June 1971, submitted under contract 
NAS 2-6045 to NASA-ARC by North American Rockwell. 

(3) "Weight Analysis of Hypersonic Airbreathing Aircraft", Report 
GDA-DCB-64-089 , dated December 1964, submitted under contract 
NAS 2-1870 to NASA-ARC by General Dynamics/Astronautics. 
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(4) "Hypersonic Aerospace Vehicle Structure Program, Volume II Generalized 
Mass Properties Analysis", Report No. AFFDL-TR-68-129, dated 

January 1969, submitted under Contract F33615-67-C-1300 to 
USAF-FDL-WPAFB by Martin Marietta Corporation. 

(5) "Weight Estimating and Forecasting During Conceptual Design", Report 
No. MSC-01259 , dated November 1970. Submitted under Contract NAS 
9-10326 to NASA-MSC by Martin Marietta Corporation. 

(6) Proceedings of Weight Prediction Workshops sponsored by Systems 
Engineering Group, Research and Technology Division, Air Force Systems 
Command, WPAFB , H. G. Hasten, Organizer for the Years 1965, 1966, 

1967, 1968, 1969, and 1970. 

(7) "Optimized Cost/Performance Design Methodology", Report No. 

MDC E0005 , dated 1 September 1969, submitted under Contract NAS 2-5022 
to NASA OART by McDonnell Douglas Corporation. 

(8) "Structural Systems and Program Decisions", Report No. NAS SP-6008, 

Volume I, prepared by the Apollo Program Office, NASA. 

(9) "Vehicle Synthesis for High Speed Aircraft", Report No. AFFOL-TR-71-40 , 
dated June 1971, submitted under Contract F33615-70-C-1109 to FDL, WPAFB 
of the USAF by General Dynamics/Convair. 

(10) "Parametric Weight Scaling Equations for Solid Propellant Launch Vehicle" 
Report SSD-TR-66-85 , dated April 1966, prepared by J . E. Kimble, 
Aerospace Corporation for Space Systems Division, USAF. 

A synopsis of these reports and the rationale for choosing the MDAC-E APSE 
program is discussed in depth in the midterm report. (Reference S) 

To f acillitate rapid turnaround and ease of updating for major configuration 
changes, the modualized concept was utilized. As these modules are entirely self- 
contained, they may be readily changed or completely replaced at the discretion of 
the user. 

The Control/Assembly program integrates the vehicle modules and combines them 
in an iterative computational sequence for the orbiter, external tank, and booster. 
The specific weight relationships developed for each vehicle module and the ascent 
trajectory curve fit of velocity losses feed into this Control/ Assembly program. 

The use of separate modules provide a systematic means of controlling the logic 
flow in the program. The ESPER control logic is shown in the flow diagram, 

Figure 2-3. 
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FIGURE 2-3 ESPER FLOW DIAGRAM 


Vehicle Modules - The vehicle modules are made up of a series of independent 
subsystem models. The advantages, from a user standpoint, of this modularized 
system are unique. This concept allows the user to make subsystem modifications 
without affecting the rest of the module, and provides a means for replacing the 
subsystem models or the entire vehicle module with future routines obtained from 
the mainline Shuttle program. The user needs only to program the new module fol- 
lowing a set of straightforward rules to insure adequate linkage 5 and to insure 
that every required function is accounted for. 

Each vehicle module consists of the analytical and empirical weight equations 
so that each model represents a group weight of the NASA functional grouping. 

We used the NASA Phase B functional weight grouping (Figure 2-4) to assist in 
identifying the weight models to be developed, and in determining whether the 
model is analytical or empirical in nature. By defining our weight models 
as line items of the functional grouping, we have obtained a direct line-by-line 
comparison of our model data with the weight status reports of the main line 
Shuttle program. This comparison will identify for the user which areas of the 
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program need updating or which elements of the reported weights require scrutiny. 

The major discriminator used to determine whether or not an item should be 
analytically or empirically derived was the relative weight of that component as 
compared to the total. (Figure 2-5). 

As noted in the introduction, Task 3 was the development of analytical 
relationship for key elements. Many prediction methods have been developed and 
used in aircraft and spacecraft design over the last three decades. These range 
from simple weight to area or volume relationships to extremely sophisticated 
finite element models. The methods most often encountered in design synthesis 
urograms have leaned towards the simple relationships, such as wing weight being 
a function of design weight, and some geometry parameters with a curve fit exponent. 

WT = f (WT, AR, AREA, ETC.) X 
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FIGURE 2-5 ORBITER MODEL DEFINITION 
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The typical fuselage, due to its complexity, is often treated even more rudimentar- 
ily with weight being simply a function of surface area and unit weight. The objec- 
tive of our program is to have the capability to measure the major load, material, 
geometry, and configuration parameters, while keeping the variable parameters, and 
consequently computation time, to a minimum. Our approach to the solution of this 
task was to develop analytical weight prediction models for only those elements of 
significant weight that are directly affected by the pacing parameters. The analy- 
tical model will be at a level of sophistication adequate to accurately measure the 
effects of these parameters, yet simple enough that input data and computer run 
time are small. 

The development of a structural analytical model follows three basic steps as 
illustrated by the Wing Weight Prediction Model, Figure 2-6. First, a simplified, 
mathematically workable arrangement of elements for the component to be estimated 
is developed* and the significant geometric factors which are to be investigated are 
established. Next, the external loads are derived and a means of scaling these 
loads with the vehicle characteristics is developed. Finally, the elements of the 
component are modeled to carry the internal loads which have been developed from 
the external loads. 

Any analytical model will have a large number of parameters. Several steps 
have been taken to insure actual input data is minimum while consistent with 
capability to measure the significant factors. First, a common model is used for 
all structural components using shell structure. Second, careful attention is 

given to all parameters to insure that parameters that can be derived from other 
input data are calculated within the program, and third, in certain cases para- 
meters which are unlikely to be varied for the Shuttle program, but may be 
required to obtain application to conventional aircraft or other vehicles, will 
be "fixed” in the program. 

The models are not intended to yield an optimized structural design, but 
rather to provide data adequate to define reasonable weights and their sensitivites 
to the design and performance criteria applicable Lu each study or configuration 
considered . 

The analytical relationships were used for the wing and tail torque boxes, 
the body basic structure, the landing gear struts, and the propulsion system 
of the orbiter module. Additionally, the tank and booster modules are primarily 
analytical. 
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Empirical models make up the remaining orbiter dry weight. The emphasis in 
these models is on adequate accuracy with a minimum of input data, and use of 
simplifying assumptions which will result in significant reductions in computer 
storage and run time. The heading of empirical models includes curve fits to 
more sophisticated programs, ratioing of Shuttle detail design data points, curves 
through data points of comparable existing hardware elements, or a mixture of the 
above. Even the inputting of selected constants, such as avionics, has been 
categorized as empirical methods for the purposes of this discussion. Background 
data available for This task comes from several sources, including McDonnell 
Aircraft Company and Douglas Aircraft Company estimation work, and a host of 
papers and contracted efforts for weight estimation methods. 

This empirical approach is used on secondary structural items of the wing 
group, tail group, and body group in order to completely weigh these assemblies. 

By combining these secondary items with the analytical weight models, the corre- 
lation of the completed body/wing weight (analytical plus empirical methods) can 
be made. Similarly, certain subsystems, such as Prime Power, Electrical Conversion 
and Distribution, Hydraulic Conversion and Distribution, Surface Controls, Avionics, 
Environmental Control, and Personnel Provision, will also be treated empirically. 
Current Shuttle work shows that although the total weight for the seven systems 
above is approximately 17 percent of the vehicle dry weight, these subsystems are 
not highly sensitive to the vehicle configuration. For this reason, we feel an 
empirical approach will satisfy the accuracy requirements for these systems. 

Additionally, the external tank module and the SRM module include simplified 
equations derived by curve fitting the results of the detail equations for specific 
parameters and ranges of interest. The simplified equation is an optional usage 
of the program, and its purpose is to increase the flexibility of the program by 
reducing the input data and computer run time. Included in the program are basic 
simplified equations, but the option is available for NASA to replace them with 
their own equations, similarly derived, using parameters of their own specific 
interests. An example of this simplification would be the external tank mass 
fraction as exemplified in the APSE System Sizing Network, Figure 2-1. The data 
shown is a plot of a simplified equation for an external tank mass fraction as a 
function of usable propellant weight. Output, resulting from the utilization of 
these simplified equations, would, of course, not be at the detailed level as 
are the results of the analytical and empirical methods. The input data in 
general is geared to the Design Data Summary of the NASA Group Weight Statement. 
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All modules requiring external data have their own NAMELIST input. The advantage 
of this method of input is that the user can modify individual modules without 

perturbating the overall input data list. 

Sizing Module - The sizing model contains the iteration techniques capable of 
scaling the reference configuration to meet the major vehicle parameters of wing 
loading and volume. This iteration technique will scale the configuration to a 
fixed staging velocity, or to a minimum gross launch weight. Specific scaling 
rules in the vehicle modules establish the areas, volumes, lengths, etc., required 
to describe the resized configuration without resorting to extensive geometry 
analysis routines. The scaling effort of the orbiter includes the following 
elements listed in sequential order. The body can be "stretch" sized without 
changing body diameter; the body width can be increased or decreased, or there 
can be a combination of both. The wing reference area has two main options; a 
fixed area or a resized area to hold wing loading at a constant. The vertical 
tail can be sized to maintain a constant tail volume coefficient. 

The external tank sizing will have three main options; size to propellant 
volume by varying length with diameter held constant, varying diameter with length 
held constant, or size to volume maintaining a constant length/diameter ratio. 

The SKM module iterates on required propellant for the design mission, 
sizing the structure for a user input diameter. 

Trajectory Module - The trajectory module contains the curve fits of an 
optimized trajectory, established by MDAC during the Phase B Shuttle program. These 
curve fit equations determine the total required velocity by defining the velocity 
losses. This is accomplished in several distinct steps; 

a) The ideal required velocity is determined as a function of first stage 
velocity, first and second stage thrust to weight ratios and the ascent 
drag parameter. 

b) The velocity losses attributable to the launch site altitude and the 
required mission inclination. 

c) A delta velocity correction factor which allows the curve fit equations 
to translate through the defined losses of an analyzed point design. 

The equations are empirical relationships derived from parametric ascent 
trajectory shaping studies and are intended to be used for ideal staging velocities 
in the range of 8000 to 12000 ft/sec. Ascent losses have been shown to be a strong 
function of thrust/weight at lift-off (T/wp , and thrust/weight immediately after 
staging, (T/W ). Other significant correlation factors in the velocity loss 
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equation are staging velocity (V^) , first stage drag parameter (W/SC^), and launch 
site altitude (H) . All of the above parameters are self-explanatory with the 
exception of SC^. The SC^ value used is between Mach numbers 1.2 and 1.5, where "S" 
is the frontal projected area of the mated configurations and is the drag coeffi- 
cient . 

The velocity losses were curve fit for ease of interpolation when used for 
sizing studies. The coefficients of the multivariate, polynominal fit were eval- 
uated by a leas t -squares technique. Each coefficient of the initial polynominal 
was tested for significance , and the least significant term was eliminated. This 
procedure was repeated until a minimum term polynominal was determined which had 
accuracy essentially equal to the original. The accuracy of the curve fit was 
then improved by conditioning the independent variables with natural logarithmic 
functions. However, if new data is curve fit, other functions may be more appro- 
priate . 

The curve fits are predicated on limiting values of the thrust to weight 
ratios and the ascent drag coefficient. These limits are: 

a) First stage thrust to weight is less than 1.60 or greater than 1.18. 

b) Second stage thrust to weight is less than 2.0 or greater than 0.70. 

c) First stage drag parameter is less than 12000 or greater than 1000. 

If these limits are exceeded, the program selects the applicable limiting parameter 
and outputs a warning that the results are outside the bounds of the curve fit 
equations and the validity of the results is questionable. 

Table 2-1 and Figures 2-7 through 2-10 represent the results of the parametric 
ascent trajectory studies used in deriving the velocity loss curve fits. This data 
is presented to be used as check points if it is desirable to change the curve fit 
equation to represent modified trajectories as the design progresses. 

Performance Subroutines - These subroutines enable the user to compile the 
performance data of the reference configuration. These performance routines have 
three options; sensitivities, growth, and fixed hardware (payload capability). 

The sensitivity data can be generated in two fashions. Rubber vehicle sensi- 
tivities can be derived for virtually any parameter by varying the selected param- 
eter a specified increment, and making consecutive runs on the ESPER program. Fixed 
hardware sensitivities can be developed using a sensitivities subroutine, which is 
incorporated into ESPER. 
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TABLE 2-1 

ASCENT VELOCITY LOSSES 


FT/SEC 
V 1 (IDEAL) 

(T/W) 1 

(T/W) 2 

V L FT/SEC 

8,000 

1.20 

0.70 

8,620 



0.85 

7,300 



1.10 

6,495 



1.60 

5,970 


1.40 

0.70 




0.85 

6,200 



1.10 

5,395 



1.60 

4,870 


1.60 

0.70 

6,910 



0.85 

5,590 



1.10 

4,785 



1.60 

4,260 

10,000 

1.20 

0.70 

8,400 



0.85 

7,080 



1.10 

6,275 



1.60 

5,750 


1.40 

0.70 

7,200 



0.85 

5,880 



1.10 

5,075 



1.60 

4,550 


1.60 

0.70 

6 ,660 



0.85 

5,340 



1.10 

4,535 


1 

1.60 

4,010 

12,000 

1.20 

0.70 

8,250 



0.85 

6,930 



1.10 

6,125 



1.60 

5,600 


1.40 

0.70 

6,950 



0.85 

5,630 



1.10 

4,825 



1.60 

4,300 


1.60 

0.70 

6,460 



0.85 

5,140 



1.10 

4,335 



1.60 

3,810 


(1) Polar Mission (50 x 100 NMI) i = 90° 

(2) Series Bum (Solid - Igp = 268/HiPC - Igp = 455) 

(3) W/SC D = 4050 lb /FT 1 2 3 (G1 ow/SC d 
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The growth option enables the user to grow the reference configuration in four 
ways; increase the orbiter only, increase the booster only, increase the external 
tank only, or increase both orbiter and booster. An incremental weight is added 
per specified option, and the configuration is resized. 

The fixed hardware option enables the user to fix the entire configuration, 
thus giving him the capability to investigate changes in payload due to mission 
changes (polar, resupply, easterly) . Additionally, the user can run a single 
fixed hardware sensitivity without using the entire sensitivity subroutine. 
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3. ORBITER MODULE 

The Orbiter Module contains the analytical and empirical weight estimation 
relationships necessary to completely define the vehicle. These relationships are 
combined into separate models, each model fully describing a weight group from the 
NASA functional coding. As an example, the Wing Group Model contains the analytical 
relationships describing the weight of the torque box plus empirical relationships 
defining the remaining elements of the wing, such as leading edge, landing gear 
provision, and elevon. Each model is checked for accuracy at the group level, i.e., 
the wing model is checked against existing wings (Figure 3.1-5), and again in com 
bination with the remaining models making up the Orbiter Module against an Orbiter 
point design. 

3.0. 1 The Orbiter Module is set up to analyze a point design vehicle with 
minimum data. The NASA weight report and design data, coupled with a three-view 
drawing of the Orbiter, supplies all inputs necessary to analyze the configuration. 
Volume III, The Users Manual, lists all required input data, and delineates the 
interface with the Group Weight Statement and the Design Data Summary. A point 
design analysis will give a detail line-item comparison with a contractors weight 
report. This comparison will provide insight to variations of payload and perfor- 
mance characteristics as well as indicate subsystems that require scrutiny, either 
updating the model to a more realistic level or possible errors in the contractor data. 

To run a point design analysis, it is first necessary to determine the perfor- 
mance characteristics, if unknown, from the ESPER program by running a fixed hard- 
ware case. In this case, the vehicle module weights, propellant, thrust, and veloc- 
ity losses are input, and the payload capability is measured for a given mission. 

Next, an iterative case is run, using the data from the fixed hardware case. The 
payload, propellants, losses, and vehicle module dry weights are input. The program 
then analyzes the various subsystems and determines their weight. The growth/ 
uncertainty of each vehicle module is allowed to float , i.e. , vary either up or 
down to maintain a constant dry weight, therefore physically sizing each system 
to the point design loads. 

3.0. 2 The primary purpose of the Orbiter Module is to provide the capability 

of analyzing an iterated vehicle to determine performance trades and to lend direction 
to the overall design effort by answering such questions as: 


3 . 0-1 


MCDO/VIVEI.L DOUGLAS ASTRONAUTICS COM RANT - EAST 



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


!• What happens if you vary engine characteristics, such as Orbiter 
thrust, or specific impulse? 

2. Is the staging velocity optimized? 

3. What is the minimum gross weight vehicle for the users constraints? 

4. What is the effect of changes to the primary construction material? 

5. How do geometric changes, such as aspect ratio, payload bay length, or 
width, effect the configuration? 

The inputted parameters start the Orbiter Module iteration for which lift 
off weight, injected weight, etc., are calculated. These calculated weights, 
in turn, modify the aerodynamic surfaces; the wing area changes to maintain a 
constant wing loading and landing speed, and the tail changes to maintain control 
capability with a constant tail volume coefficient. In turn, these modify the 
surface controls and the thermal protection system. The auxiliary propulsion system 
is affected by injected weight and the landing gear by the landing loads. The body 
is modified by reactions from the above systems which, in turn, changes the inter- 
stage loads which ripple changes back through the body. The entire module continues 
the iteration until a completely balanced system exists. 

The following sections, 3.1 through 3.6, explain the derivation of each of the 
primary models making up the Orbiter module. 

Section 3.1 Wing and Tail Model 

Section 3.2 Body Model 

Section 3.3 Thermal Protection System Model 

Section 3.4 Landing and Docking Model 

Section 3.5 Propulsion System Model 

Section 3.6 Remaining System Models 

These sections contain the individual model subroutine listings along with a 
definition of variables. These listings are in FORTRAN V and were written for use 
on the XEROX SIGMA-7 conversational computer. They are included with the model 
definitions to facilitate the usage of the individual estimation models for compo- 
nent weight estimation. 

3.0.4 Table 3.0-1 Is a listing of a typical input file for the Orbiter 
Module. The definition of the input variables is contained in the program users 
guide, Volume III, and again in the subsystem models. Sections 3.1 through 3.6. 

Table 3.0-2 is a typical output of the module and is for the NR 2 December 1972 
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ORBITER MODULE DATA FILE 
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vehicle easterly mission. The Orbiter Module dry weight is shown as 172,107 lb 
and compares to the reported weight of 170,000 lb with a variation of 2107 lb, or 
1.2 percent. Table 3.0-3 is a detailed listing of the Orbiter Module. 
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TABLE 3.0-2 

TYPICAL OUT PUT , (Continued) 
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TABLE 3.0-2 
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PiPR«l\T,PPPC«PHYr>SCWT I 

Call AsrFM(rAPRBP.r:K,GPAC.FN/GiTVC#CfiMTR,HRPUTL 
1 ,PR«»c;Ys,FAD f PRFRiCMJL.PRFVAL.FEFDS^ DtSCiMISC) 

Cali, la-isyro mbok,nGi,ng?,ngi,ngeah,m3i,mG2,mg3 

1 < MGF aR, a X 1 , A XP , A X3 , A XGE AR , LNGQKK ) _ 

K»1 .0 

if ( siiRFr .Gr.n.ni k»3.o 

SUPFf «1 gaC.+r,*s*SaIL*<»( 3A0.Al,67*SRJD)*SURF< 

PP'VP.PP.'R 

HYOP«??AA.*( (WSG+<.trG)/*s?s, i*mydrk 
EL.FC «ELrC< + PBn e ). *la*o. * IL T-X) /7*7. 

avip\o«avIbm* " ' ‘ ~ ~ 

ECt-S , ’*F'*I.SB 
PPRp V»PnR9V 
TARPRB»TABPR« 


SYS sYStfM CalCuLAtIBMS. 


WTPPBP»9LBWL** (rXP|eMSDVT/<3P,17**9MSISP) ) »1. J 
WBPrbP«*| .BWL**(PXP( ftMSDVP/( •j>. 17*»9MSISPJ >-l , ) 
WFUFI »WtPRBP/( 1 ,+8HR J 
^‘ , X»RMR«wF(jr| 

..vrurL » ( ’.’FUFL/OENSF ) *j , 15 

VBX. ( Wbx/OFMSB I *1 • 1 5 

FtavjK , 3,/2»*'?YB T *PpESF*VFUEL/FTIJT*17?8»»1«28 

STAMK«3./2.«RHBT»PWESG/FTUT*VfiX*i72*.*i,?g 
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114 


72 • Oftft 

115 


73.0ftft - 

11* 


74.000 

- 117 


_75 « COO. __ 

1 1 ft 


7* * Oftft C 

1 19 


77.000 

l?ft 


7ft .Oftft 

1P1 


79.00ft . 

1 P2 


ftft. Oftft 

... - 123 

_ 

fit .Oftft — 

1 ? 4 


AP . Oftft 

1 25 


ftS.COft 

12* 


ft 4 • Oftft 

127 


85 . Oftft 

1 28 


»5 *5ftft 

1P9 


ft* . CCft 

no 


«7 . Oftft 

m 


ftft . Oftft 

132 


ft9 .non 

133 


90.000 

1 34 


91 . Oftft 

.. 135 


gp.coft— 

11* 


93.00ft 

137 


94,00ft - 

1 3 ft 


95.000 

139 


9* • Oftft _ 

140 


97 . Oftft 

14 1 


. 9ft . OCfl 

14? 


99 . Oftft 

1 43 


99 » CPft .. 

144 


99.04ft 

145 


99.0*0 

1 4* 


1 ftft. con 

147 


.101 .000- . 

14ft 


lftP. Oftft 

1 49 


103. Oftft 

150 


104.000 

151 


104 . 20ft 

15? 


10 4 *400 

153 


1 04 . 6ftft- 

1*4 


1 04 . 800 

155 


104 .900 

15* 


105. Cftn 

15 7 


1 o* • con 

1 5 H 


107 . con 

. 159 


ir? . con - 

1*0 


left . 5ftft 

1*1 


lift. Oftft 

1 fe? 


1 i i .on n 

1*3 


111 .50 ft 

1*4 


IIP. 00ft 


1*5 
1** 
1*7 
1 *8 
1 A* 

170 

171 
17? 
171 
174 


" v'pRrs* i *vrijFL i/prfsg**i • * 7 

_ RpE;RT<»1./?t#RH^P*PRFS8 M *V p RrS/FTU p #l72A* 4 t«?^ 

WTeMTX^FTANjK + 'lTAN^^PRFSTK 

W_T0^S*^Tft M T^ + 9Mf?E^Q ,f PPO p £y^fiDULEl — 

~AOS RYStfM C ALCULATT ftMS 
ACSVftL«ACSP p 9/ACSDrNI#l .15 

ACSTN<«1./?.*RH^T*AC5PPS*ACqV0L/rTUT*172ft« # l *2» 

VPTNK ■ ATS VRL# ACsP R S/ pr? FSfiM*l . 47 -*-■ 

PINK ■ 3 • • *9w9T* p PrSfn‘«VPT KI, </FTUP # l7PA •♦1.2ft 
WTACT*> t aCSTmK+PTNK) • 1 .25 — ~ 

WTACR^WTACTK+ACRSYS+ACSENG+ACSMBD 
...... WTAUX'WTfttfS + WTArS 

BrR w ? S«*RBMtR 

S'JB^R Y ■ vwT + T A T L aG 37*TBTTPR+RHRFC + TAPRBP+WT AU X*BRBM f £ 

1 4PPVR*MYnP + PI JTC + A V ! flNB + ECLSfl+PPPfiV^LNODK + TABPRB 

SUDLF*SueORY.EN5 • — — • 

JT (F T XDw'T • GT , 0» 0 ) AUNlCWT .FJXDWT.SUODRY 

ir (pt xDvt tST.o.n ) Ga tb 5r. 

6UAJCWT»<;U0LP«' , U‘jC1 

5n.-- BTRY*'T«RU90RY*flUNCWT - - 

8 TNWT^BBRYwT+PFRSBAi+HRESD.PLBADU 

91 AWWT«8f NWT.PLRAOU+PLBADO + SRESV -J-TT* 

etNjwT.9t.ANWT + Ar.SPB9+WBPR9P.8RESV.PLBA0D*PLBADU*6RtFU 

_ _ IF (StEQ.O.O) f?TOAP.inoo. — 

eLPWT-QlNJWT+PTPAP 

OLftWLP •0L&WT.WPPR9P -- -- - - 

0LLPI »«ftLeWT.WflPR8P»PLeADU 

Ge Tfi 5nn 

0LL p L P-^LLPL^ 

_ K0PP0 p *’' r pPR0P -- - - - - -• - ' 

P |_P Ar.U«P|_9 AftU 


4o0 


5ftQ 


111. Oftft . 

I 14,00ft 
115.000 

II A. Oftft 
H7.cnn 
1 1 ft • con 
m.ooD- 

1PC. Oftft 
1 PI . coo 
lPP.COO 


r L n R i ^ - F U -Y * ' J < > 

BL9'a ; T*SI.I. PL8 + PL9A0U*W0PR8P _ — - - 

Cali euTPUr 

_ ST9P 

SUEneUTTNE ArRB [ WSG j WBCT jWTHFTAj WNZj W3 jSAJLj SRUOj VB 

1 j d V,lESG»TRG,SUpP! .LOH/LMiG 

?>/,'WTj w R t ;TRi 1 'lTPRBEjWTftRBCjLEW»WTE# k (AJLjrtASjWADRjWAHiWAr 

T/PWTV^K ■ RPR9V 

< j t A 1 1 | T a RTR j TT9RGB.TLE * WRuP*WRSj WRDR^WRH j HRP#PTA tLKl — 

RP Al. U“B*LH.M,K,NZ,LF,KFaS.LAMBP,"P.<P.LEH 

'di^FNSmS* *«(?? iSG??) AamB(?)<TBCR(?><T9CT (?) 

Al PTO XE C pT”c* C P* I RH* « ? » : F A* ^ 5 T CsV a > ? T iuc P*5 T F MP I ^ > 

....SjIJWW ( Z ) . CSR ( ? ) . TM IN < ? ) * ULF ( ? > ^LE ( 2 ) * CLE ( 2 > 

k, FB^n'J ( ? ) t WC 1 ( ? ) t W C? ( ? ) iCKl ( ? ) / BL p l (?) jBLP 2( ? ) »8CMl ( 2) 

AR.SO.LamBjTPCR.TBCT*BCT» thfta.nz»ofup»lh 

l, PTRXC,DTbXP.CB»RM9<FA,CS.TAl).TrMP,UW*l#B»SEXPjSLjRBM 

3 <FHPnU> .•ISWP<o,WPRELj WCIjWCS.CMIj BL P ) .3lP?i9CM1 
?t WLF > ULF » CRR , TM t N/ WANS ( 2? ) t TANS ( 2? ) » SL 1 > SL2j CLP 
CA aM/5 vjR w /kf AR< A tLPj A I CP illW A I LjX'Wnpj winjG<iTLD3jSMjD9j TLMQ 

C9M‘'9N/pi«RVT/R0r#Ri;0 UL^UR*:»VTVC J LVT , rPRUD* T A J LK 
QpM^fiN/YA I N/ PRpPB. p R9PBj UPT . BC ANT t 9CANT t SCANTY 
1 1 9CAN’TP 1 M?PVr,B,»‘SEN.G8 4 THBrL.THBSL,THHV,TBV,FLBWR 
?,TF.PTL,r!XWpO 

3j ISP 9S, TP p RV. ISPQB r, (SPOB v^prDiBTW 

j, . u , ^yCB^R/ TMC j ST AGVj DVCOK* CVCNST . - — 

~ Kl SFL*TH.. T C,TwBi;LT,THRTC < T‘;P9.!SPB < PRft 0 8T 

^ j0 pop9i,pRpPp?,rw(?) .cVflLCiTVBiOVTBTC* Wf)SCD< B J N^T* OL AN*T 
7i9 I V' J w T ,BL9WT«0GLew,GLBW,T‘*TAL#S < Pjf'ATCW,TUSSR#PPRP 
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175 

• 

123,000 

176 

9 

124 . OOO 

177 

m 

1 25 • 000 

17* 

m 

1 ?6 . COO 

179 

m 

127.000 

1*0 

9 

1?A*0 CO 

1*1 

m 

129.000 

1*? 

m 

130. con 

1 A3 

m 

120,500 

1 A4 

m 

130.520 

1 AS 

m 

130.540 

1 A* 

m 

132.000 

1 A 7 

• 

1 33 » COn 

1 A A 

m 

134,000 

1 A 9 

m 

135,000 

1 93 

m 

1 36.000 

191 

m 

137.000 

19? 

m 

13A.COO ... 

1 93 

m 

139 • 000 

194 

9 

1 39,200 

195 

9 

1 39 • 400 

196 

9 

139.600 

197 

9 

1 39 . Aon 

19* 

9 

1 40 , non 

199 

* 

141 . ono 

?00 

m 

142,000 

?01 

9 

142, 200 

30? 

• 

1 4? , 400 

203 

9 

142.600 

204 

9 

1 4 ? * 8 00 

?nr» 

9 

1 4? ,900 

206 

9 

143, COO 

207 

• 

144, COO 

20 A 

m 

1 45 . ono 

209 

9 

1 46 ,000 

210 

9 

1 46 . ?no 

211 

9 

146,400 

21? 

9 

1 47 , COO 

213 

• 

1 4 a • con 

214 

* 

1 49 , 000 

215 

• 

150. Ono 

21 6 

• 

1^0,5 00 

217 

9 

152,000 

21 A 

• 

153,000 

219 

• 

153.500 

220 

9 

154,000 

221 

m 

155,000 

22? 

m 

156 • COO 

223 

■ 

1 c 7 • 000 

224 

• 

15A,C00 

225 

• 

1 5 A * ?00 

226 

• 

1 5 A . 4 r 0 

227 

■ 

1 59 • con 

2 2 A 

m 

160. COO 

229 

m 

161 , con 

230 

9 

162.000 __ 

231 

« 

163. COO 

232 

• 

164. con 

233 

• 

1 65 . 000 

234 

• 

1 66 . COO 

235 

• 

167. COO 


Ra eHftLO/«LLPL«»»LeWL0.9MStsP.’«MSDVT, nMSOVP 1 8MR 

Ra LBaJGPa TftWfl a T0WP aSPNISaGRBWa M t NGLW . _ 

NAMfl 1st 

.1 aR.sGaI *Hg , tBCR* TBCT.a BC.TiTHE.IA j NZ/ QELPaLHa PtBXC : 

?»PT n XEif!R/RM» J r*<CRiTAU< TE M P t UWW a CSR a TM I N 

a*ULr,KE 4 s # AtrP,IJWAlL*CLE^lLP . 

fc*RCC.MUnUL.UPS«yLE 

S/WWAR>VTVC,LVTjqPPU , )jWlNGKiTAlLK _ 

AaEMopU, »C1, Wr?,CMl.BLPliELP?.eCMi,SMGOR 

_TLns=LDD __ 

’ * 

t V P U r M ) . ...... 

CALL W I \jG(WSr,,WBCT, J.BLANWT.SAILaLEW.waSaWAOR. WAH 4 WaPj wail 
1 * wtt , wwr , wrstRa gPRrv ) 

WMZ ■ a L ( J ) 

WB ■!> 

LTHrTA«TWETA ( J ) 

WS*i«sC3( J) _ _ 

WRCT »BCt ( J ) 

WrSSiSFXP _ _ 

WTRRPE«waNr(?0) 

_ WTPpnC«S'ANS{ Pll 

PWtMG**WTNGK 

CALI vt a tL ( J. RLaMWti WSQ/ WB iSRUDj TLE j wrsa wrdra wrh 
1 a*'RP,TAIL/ VB.P.tBStP.WRUD) 

V?»P 

Pv*<;i 

T " 3 ■ C L ( J ] _ . 

SURP»»S»9U0 * ” ’ ’ 

TTfiprjy » taNs ( ?? ) ... _ < 

PTA n K ■ T A ! I K 
Rftjpn 

ELD 

_ SUP-R pLt f nE WTNlGlWSGAWqCT^ JjftLANWTiSAT LALrWAWASjWADR.WAH.WAP 

lA'.AII /WtEjWWTjWPSTRj GPR8V 1 

REAL La-'PjI H.M.ioNZ^f^FaS.LAMBPaMP.KP.LEW _ 

1 a KMPPa K*Ca MPPa LDCa L^G 

DtMrK’Sl AN AQ(?)aSG(?)aLAMB(;i)aT8CRI?)aT9CT(?) 

IaBCT (?) .THFTA tP)iNZ(P) jDFLP(P)aLH(2).Pt9XC{?) 

3/Pt^xE ( ?) iCR(?) ,Rw*{?>A r A{2) ,CS{2 >aTAU<2)aTEMP{2) 

3a UW ( ? ) , r SR < 3 ) « TM I M ? ) A Ule I P ) J W'LE I 2 ) »CLE ( 2 ) 

A/EM»PlJt 3) aWCi (?) »Wf;2 (? 1 a CM t ( ? > , 9L P 1 ( ? ) » BL P 2 ( ? ) j 0CM1 (21 
CftM“*K/PwRC/ AR.SG.LAM9ATaCR,T0CT#rtCT» THFTA.NZjDPLPaLH 

IaPTPXC.PtSXE.CB.RHPaPAaCs.TAUjTEMPaUWWaBaSEXPaSLjRBM 

liEMPDUi , ' , SWPKi, J WPREl . WCl<WC2.CMl # BLPl.BLP?A BCM1 

?#>JLR.ULt-,CqR,TMTNAL l AKjS(2?)iTAMS(??)iqLl*SL2»CLF 

CBXMpN/PWRW/KEAqj ATLPa A I CP a iJW A I L a Ww**R, W I I\i3K a TLOQ a SHGDRa TLMG 
J* 1 

IE ( WW5S.GT.0.0) SG( J).0LALWr/WWBS 

Call, TfiDP8 X( JaOLANWT) 

LDC-tLDI 

.. L^OitLM" .. _ 

eqc»PCT ( jj/a 

CP.(?.»Rr,tj))/(p*(i.+LAMB(j)n _ 

Br«P.tJCT( J) 

StBf.pttxe ( J)»srXP .. . 

CE*rR*( i «- B sr»(i amB(J))) 

CRCE.CR/CE . 

‘ SAIL. a II P*Be*a TCP*PP/P t • I ?• • (1 »»LAMB( J J )*CRCF*< 1 a*BSC )* ( A lLP) 1 

C' 1 ' ST ( TMEy a ( J ) /R7 , 295a ) . . _ 

CR« ( ?»»SAIL )/(9r*( 1 . *LAMB< J) ) ) 
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33& 

237 

338 

339 

340 

341 
34 2 

343 

344 
245 
346 
247 
348 

249 

250 

251 
353 

253 

254 

255 
255 

257 

258 

259 

250 

251 

252 
2ft 3 

2ft4 

2ft5 

26ft 

267 

268 
369 

270 

271 

272 

273 

274 


168.000 
169.000 

170.000 

171 .000 

173.000 

173.000 

174.000 

175.000 

176.000 

177.000 

178.000 

179.000 
1 80 • 000 

181.000 
181 • ?nn 

183.000 

183.300 
183.400 

1 89 . 000 

184.000 

185.000 

1 8ft . COO 

186.500 

187.000 
188 . COO 

189.000 

190. COO 

190.200 

190.300 

191. COO 

1 93 . COO 

193.000 ^ ~ 

194.000 

. 194.500 

196. COO 

197.000 

197 . 500 

198.000 
199. COO 


CT»CP*LaMB( J1 

_TR*CR # T9CR( Jl 

TT«CT*T9CT( J) 

.CMR * {CR+CTl/2* — 

sruo*satl 

RHM.5«UO#l44.*KpAS#l?**CMP#***.00t- 

HLTR>l2.*<TR+TT)/2. 

- HLL9»ttE/r0RT 

WAS»IJWATL*SATL 

JKaDR* (C‘iR*< RwM/uLTR ) *8^7R4-8^. 

W A H ■ ( •40*HLLR # RmH*#.2) *2# 

WaP«.25#(Wa54'VA0R + WAW) - -- 

WaTi .WAR+WaOR+WaH+WAP 
SLF «rLF ( J ) *9rXP - — - 

WLFT ■ 2 . 3«SLP + !' , LP U) 

. LFW«wUF7*UlF { J) 


F^Os.pLAmwT *950000 • /21 51 15. 

GPRoV a # ^* 5 #! [}«**, 3*sMGDR+.077* ( iOOl^PMQ^LMQ ) *#• 9 
STF*5PXP.ST9r«RA !U*SLF 

WTF-1 •87»STF*{ .OO1«0LANWT*\Z( J I /SQ ( J) >**.2 
IP | <51 2. GT • 5L 1 > WTE«1.87«STF»(.001*DFLP(J) )**.2 

_idWT » WANS ( 221 *LFW*W A I L + WTF + W T MQK + GPRfi V 

WPSTR-WAKiS ( 30 ) 4WANR ( 21 >+LpW*WTE 

RFTIJPN - - 

END 

SUBROUTINE VTAIL ( J.6LANWT .WqQ, WB jSRUO# TL f 4 WRS. URDR - 
u •JRW,WRO l TA!l # VRiP.TRSTR.WRljn) 

..REAL LAMBiLH.M jK jNZiLEj KEaSaLAMBPjMPj <PjLEW 

1 # KMPP # K MCi MPp# LoO< I *G 

DliiFMS! 9N AR ( 2 1 4 SG( ?) 4 LAMB <2)iTfiCR(2)4T0CT(?) 
l,3CT<2) .TWFTA (?) jNZ (?) jDn.P(?)4LH<2) .PTBXCt?) 

PiPTBXEtPliCBf?) » RHP (?>4pA<3).CS(2)4TAJ(?J4TFMP(2) 

3#UWUI( 2) ,CSR (3>4TMIn(2)4ULE(2 1 » WUF ( 2 ) • CUE ( 2 ) 

4jFH9nU(31iWCl (21 jWC2C2) jCM1(2)jBlP1 ( 3 ) j BlP2 ( 2 ) *BCM 1 12) 

CflM M fl'VRURC/ AR.SG,LA^94TRCR,TSCTjBrT.TWFTA,NZ,0FLP,LH 
1 jPTGXCj ptSXF .CB,RH ft#FAjCSjTAUjTE^ p 4UW^j3iSEXP,SL4R9M 

3jFM9nU, wqWPKp, W9REI , WC 1 j W. 2. C. M 1 # BL P 1 • 3LP3/ BCM 1 
2#WLF jULriC5R.TMTNjl«A\ , S<221 4 TANS (22) , 5LliSL2jClP 
C^MMRVRWHVT/RDr jPlJ I 3UL#URqi VtVCjLVT j RPRJDi TA ILK 


?75 - 

200. COO 

j»? - - •• — — 

276 • 

201 . COO 

irivrvc.fiT.o.o) sri jj» ( , "RR* wn*VTVC>/i v 

277 • 

303,000 

Call TB^'JXUinLANWTi 

278 • 

209 * COO 

C9 5T«Cft<; ( ThFtA ( J 1 /57 • 2958 1 

?79 • 

204.000 

CR»{?.*9G(J) 1 / ( Q * ( 1 • + LA M B ( J 1 1 1 

280 • 

205.000 

CT»CR*LamR( J) 

281 • 

2 0 6, 000. 

_1F (5P w U?.Gt. 0.0. AND.P.GT.0.0 1 -GB 78. 5 

28? • 

207 . 000 

I F ( cp Run .G t • 0. 0 1 TflCR(J)*T A CR(J)**5 

283 * 

20 fl .000 

IP (RP«un.5Ttn.0i TnCK J)» tPCt(J)*i5 

284 • 

209,000 5 

TR »CR * Tf»CR ( J ) 

285 - 

21 c.cnn 

TT*CT*T90T( J) 

28ft • 
287 • 

21 1 .COO 
213.000 

BF»«-ttCT( J> 

cmr-rdc* (CR+rn/2* 

288 • 

21 9tCrn 

SRin»«Dr*sG< j) 

289 * 

214.000 

RHM»q*im* U4.*RUDUl *1?#* CM R*. 5* .001 

290 • 

215.000 

MLT5« 13. * ( TR4.TT )/2. 

291 • 

216 .COO 

hlur ■^ r/rflqr 

?9? « 

293 • 

294 • 

21 7.000 

oi o . rr\n 

qRlJD 

WRDR ■ • 4A*CMR« ( RmM/hLTR 1 

219. COO 

URM«.4o#hLI.R#RHm*# # 2 

295 * 

230. COO 

IF (cPRUO.EO.O.O) Go 10 10- 

396 • 

221 . COO 

WRS»W w S*2t 
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297 
29 ft 

299 

300 

301 
30? 

303 

304 

305 
30* 
307 
3nft 
30 n 
310 
31 1 
31 ? 
31 3 

314 

315 
31 * 
317 
3 1 ft 
319 
3?9 
3? 1 
322 
3?3 
3?4 
325 
3?* 
3?7 
3?ft 
3?9 

330 

331 
39? 
393 

334 

335 
39* 
337 
333 

339 

340 

341 
34? 

343 

344 

345 
34* 
347 
34ft 

349 

350 

351 
35? 

353 

354 

355 

356 

357 


2?? •00 n "WRD9«wp'r*R*?. 

223.000 WRH.WRHO. _ .... — # 

??4 • OOD 1C WRPrn. 25* ( WRS+WRoR+WRM) 

??4 , ion WRUO«WR«;*WR0©yWRH*WR£ 

p?4 , ?nn WLFT-2. ?*CLr ( J ) *SG< J )*wtF < J) 

225.000 _ TLP»litE( J)*WLFT . 

??* . Onn TATL«7A\J5t??) +WRUD+TL6>TATLK 

??* • 5nn T95 tp«TanS(??)+tIE 

??7.coo RETURN 


??ft.coo END_ 

229,000 SUBRfiUTfNE T9QBftX{ JjflLANWT) 

??9.?nn RE At. UA M .P j LH , M j NZ j LEi KEASj-LANBPjMP. <PjLEW 

???. 3nn 1 jLOQ#LMG 


? 9 n . crn 
? 3 1 .con 
???.crn 
2?3 . non 
?34 .non 
294 .5rn 
23* • onn 
297. con 
297 .5 on 
23ft# onn 
?99*0nn 


0 1 mc nSJ on g ( 2 ? ) . _ ... . - 

DTMpNST 9N aq(2)#SG(2)#LAMB(?)j TOCR 

1 i 3 C T { H ) .T^FTA (?)^NZ(?)/DELP(?)iLH(21# p TBxC(2J 

?,PT«XE(?) jCSr 2) .RHnt P)#PA(?)»CSJ?) jTAJ(P)#TEMP{P) 

3 # l jWW ( 2 ) # CSR(p),tMIn(p) # ULF(?)jWLE(2 ).CIF(2) 

4iFM9rU(p)#WCl (?) jWc2r?>#CHl(PJ#0L p l <2 )*BlP2(?)*BCM1 (2) 
CBMMHN/rwRC/ AR,S6,L4MB#TftCR,T9CT#BCTiTMFTA.N2«DFU^#LW _ 

1 jPTnxCjPTBXE.CBfRHnjFA^Cs.TAtJiTFMPjUWWjBjSEXPjSLfRBM 

3#rMnrU # ‘JS^PKRi WBREt > WCl#WC2fC^l^PL p l^LP?#BCMl 

Pj WLF j ULr#CfiR i TM T N# WANS ( 22 ) # T ANS ( 22 ) j SL 1 # SL2 • CUF 
C9 5T-CR<;(TMFTA (J) /57.295ft) 


24n#onn 
24i ,cnn 
24? • onn 
?49,qnn 
244. onn 


AP( J)#SG( J) ) * * • 5 

cr«cp»*r6W)i/(p*c t »*lamb< jn ) 

CT«CP*LaMB( J) 

C 1 " * r R*( 1 #•( 

TR«TPCR ( J ) 9 1 p# #0R 



245# con Tt.toCT(J)#1?#*0T 

?4A,0nn IF (LA^B(J) #E0 • 0* ) TT»T9CT( J) 




247 . onn 
2 4 ft • con 
249.000_ 
249 • inn 

249,200 
?5o. Onn 
251 . onn 
P^p.cn n 
?59,cnn 
254 # cnn 
?55#cnn 
25*#cnn 
257 . cnn 
25ft. onn 
?C9 . Cnn 
2*0.0 nn 
2*0 # 0?n 
2*0 # 04 0 
2*0. 0*0 
2 A 0 • Oft n 
2*0. l nn 
?*o. l?n 
2*0. 140 
?*o t l*n 
?*o. lftn 
2*n • 2 on 
2*o. ??n 

2*0 . 240 
2*0. 2*0 
2*0 # 2flO 


k«tt/Yr - - ■ 

TF.TRM 1 )«BrT<J)/BJ 

mp«tt/tf . 

Rppf’C'TF* I .R*.?*MP) 

! F ( ~P S p r » l T « 1 ? • ) WBSPC-12. - ~ 

IF ( K P » r iT t . qq) mP». 9 «) 

LAMnp-Li^yt J)/M .» ( 1 .-LAM0I J))*BCTI J)/B) 

<p « ■j • *1 aMRP/M , ♦La'IBP ) * < {1..3.*‘1PJ*C1.»MP)»?.*MP**2*AL80(MP) ) 

KD#<P/( 1 

“ KP.KP+I 1 ,-L AmBP1/( 1 ,+LA*BP)»« (2.-7.*MP*1 1 .*MP**2> 

>;.( i ,. mp )+ 6.»mP«.3*aL83( m P 1 >/WU*-MP)**ft . 

SCT»BCT ( J I • ( fP+CF ) /2« 

SFXP.SGui.srT 

STBC«PT-1XC( Jl»SCT 

STBr.PriXFI Jl*FrXP 

" W#IbMW* ( .J ) *RG( J ) 

Bp.a.BCTI J) . - - - 

TANT*SK(ThFTA ( J>/F7.?95RJ/CftST 

TAMLF«TavT* 2. * (1 ••LAMB ( J) >/( AR( J > • t l.+LAHB(4) ) J _ . 

TANTF*TaMLF*4»*( 1«.LA m B(J> ) / ( AR ( J J * M .+LAMB(J) J ) 

_ AVGLF , 57.aPB8»ATANfTAME). _ 

ETAWKti* ( ,Oft*A« ( J) *( *(“)Cft9ft»0nf>0ft5*ANGLE ) )*LAMB{ J) 

ET AW\Ii»FT A'a!VG» »05 # tLA^B ( J)-,fc 1 *«2 - — 

F. T awkG*FT A WNfJft « ft l* ( 1 . * • OOfi 33* ANGLE )»<A0i»AN3LF ) /3000 • 

F»G . F q f>»F* «FT AXMG 

GfF«A r (J)»TAmTF»(».01A8A) 

W* ( aF ( J ) • ft . ) *( l.*3.5*TANTf 1**003 

IF ( AF ( J) .LT.ft. ) 

CBAPCL«f*Gfe + H - ... — - 

ETAFjMCT ( J>/R 
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358 


260. 300 


359 


2 A 0 • 3 ? 0~ 

1 

3AQ 


? AO • 3 40 


3 A 1 


? AO • 3 AQ. 


3A? 


? AO • 3R0 


3A3 


? A 0 • 400 


3A4 


2A0.4P0 


3A5 


2*0.440 

_ .. 5 

3AA 


2*n. AAri 


387 


2A0 • 480- 


3A8 


? AO • 500 


3A9 


269.529 



373 


?A0 i 540 


371 


260 • 5A0 



37? 


? A3 . 0OO 


373 


26 4 • COO 


374 


2AA.COO 


375 


?67.00O 

— 

37 A 


?A7 .0?O 


377 


2A7.CAQ 

. .. 

378 


2A7 .CAO 


379 


267 • 080 


380 


2 A7 , 1 00 


381 


267# IPO 



382 


2A7 ■ Ud 


383 


2f 7 • 1 AO 

. _ _ _ . 

384 


2A7.1BO 


385 


2*7 i 200 _ 


38 A 


2 A7 • ??0 


387 


2A7.2AO 


388 


268.000 


389 


269i COO . 



390 


270.000 


391 


271 • 000- 


39? 


?7?.000 


393 


272. 020 


394 


272 « 040 


395 


27P.CAO 



39 A 


27?. 070 


397 


272.080- 


398 


2/2.1 on 


399 


272. 120 

( 

409 


?72. 140 


401 


27?. 1 AO 


40? 


27?. 180 


403 


27? . 200 . 

. 

404 


272.210 


405 


27? • 2?0 



40 A 


? 7 ? • ? 4 n 


407 


2 7? t 2A 0 



403 


?7?.?80 


4C? 


27? . 300 


45 0 


27? . 3 ?n 


411 


27?. 340 


41? 


?7?.36n 


411 


272.380 


4 14 


27? . 40n 


415 


27?. 420.. 


41 A 


2 7 ? . 4 A 0 


417 


272.480 



418 


279.000 



FF«F#<l.«ETAr*o?>***5*(2n.*rTAWNG*8.4a8)«ETAF ## ? 

* ( 1 • *ET AT**? ) **. 5 

Grrr.urr«( i . . a. a66*ftaF+7.3i a»ETAF»*?) * ( i ,.ftaF**2J«*iS 

Hr«u*(l,.l4,c;»rTAF»*?+21«»ETAr»»4)*M-» *ET AF * *2l*t*-*S 

C^A5F»Fr*Circ-r*Mr 

SLRatN tCBA»rL+CBARF )*ETaF/3. 

ETArX p »(FTAWN]3.FLRATT*ETAF».F«(l.»SlRATt) ,, ETAF) 

/(l.-SLllTfl *- 

ETArXF«FTArXP»R/BE 

ETAUSiF ■ (P.AtA^B 0 *!. )/[3 «*(LakBP*1*L> — 

RLC‘’»ETaFXP/FTAUKF 

SLT°T' ( ( rL AN wT. . 5*WW ) »NZ( j) *| H( J) ) 

Sl_t»SLTRT»< 1 ,»Sl. RAT! > 

SL?»r.ELPt J)»FEXP - 

SL-FL 1 

IF (FL2.GT.5I 1 ) SLnSL2_. 


RBM»PLCP* ( SL/A . ) *Br/ <?.»CRST )*(?.*L aMBPM • ) / (LAMBP. l • ) 

IF ( J • F T . 2 I c9M«4.n*RBM - - 

TCB»r^(.J1*R n FPC/?0. 

PF.P«V(TF*CF*PtBXFI . — — 

TCfi VF ■TrB/ ( RuR t J) *1 kh, )+PF/FA(J) 

RRMM*2t .pF»»3«RPSPC/ (FMODUt J J «TC8VE*tF*»Jll 

TRlBF^TfP/IRwR (J)*1 AA, ! *RRN'M/F A ( J) 

TRSTF*A7.B«RP^*1 2i/( 1 A t a**?«EMBOU ( J 1 *P TBXe ( J ) #CF*1 2« *RBSPC > 
|F ( TRSTP .Gt .tR !BF ) TRtBF»TRSTF 

TRTBT*TrB/(RwR(J)*1 i*A. ) - - 

WRT n F , R^R(J)*TRrBF«TF*CF«PT9XF(J)*l?» 

WR! n T«RnR( J) •TR tBT»TT«CT»PT3XF(J)»12. 


HSWPKR* ,n5s*( ABF (SI «.001»SIM(TMETA( J)/S7.295A)«BF/ 

(GQFT*TF/1 .2 ) ) ) »*«FP — - 

G { 1 )»2.«rB( J1«5 tBE 

G(2)»2.»CB(J)*StBC • - 

G(5) » H H n < J ) »XP» n E»RHM*( 1«+LAM0P)/(FA(J)*«8 # TF*1 ?»*UAMBPt1» ) 1*14%, 

G( A) »WMr( J) *s»M»2t •CRST*BcT{ J)* 1 A*./IFA( JJ*.A*TF1 

TC»TP*( 1 .*( 1 . »M > *H| Pi ( J) «?./3E ) 

MRP.tC/tP •• — 

KMPP.2..I l./M ..MPP)*MPP*aL'»G(MPP)/M..MPP)«»2) 

K v IC»aLB5( m PP)/(BPP»1*) • — - — — 

BL1»(BLP1 (J).PCTt Jl/?. )/CAST 

WREL1 ■Rnft( J)*VXl ( J)»NiZ( J)#eLit»?ti4it.*KMPP/(FA{J)****TF > 

WRFL 1 ■WRFLl+PHR(J)*WCl <JJ<* njZ(J)»BL1*1*4»*C8ST*BCT(J)/ 

1IFA(J)*.«»TFj • 

WREL1 *L3rLl *QHR( J) tWCI < J ) *A'Z ( J > «BL1 *1 2 • /T AU ( J ) 

TC*TP*(1 PPlJMPt/BE) • — - 

MPP.tC/TF 

K lPPa2.M l./( 1 ,.MPP)*f'PP#ALnG(MPP)/U-.« k 1PPJt#2J 

BL?»(BLP?(J)- q CT!J)/P. 1/CH5T 

^SFLP'RhRI J)*'-iCP( J)»NZ( JJ*Hl?« , ?*1<»A» , <'BPP/(FA( J)«.A*TFJ 

WRFi ?»wrfLp*RHR(J)#wc?<J) * M Z (J)«BL2*1A4.*C0ST*BCT(J)/ 

1(PA( J)*.R»TF) — 

WRn.?»W7rLP+RHR(J)*WC?tJ!* N Z(J)*BL2*12«/TAU(J) 

_KPM» 4 « *PM0 { J1 tJ) *FAC M 1 ( J ) • 1 44 a **KC/ ( F A ( J ) *• A»TfJ 

W«RFL * ( .WRrLl .WPEL P + kCM ) 

G(5>»12.*RhB( J) •BE/CRST*(?.«CS( J)M . A«TF« ( 1 • ♦ k lP ) /2» > *»2 
1 ATM TNI <J)«(.S»TF»(1 ..mP!M 
G(A).?.»C h ( J)».H»TF»BCT( jj/ip. 

G( 7) .2. aPHR ( J) ?./T au t J) 

_1F ( J.EQ.?) G ( 7 ) *G { 7 ) • « 5 

G ( A ) • ( .ipIBF + wprBT l/(2.»RPS p CAC9ST)*Be*l?* 

G ( 5 ) »WR i BF/ ( pBF^C ) »?CT ( J) *1 2. - - - 

Gil fl) • ( G ( 1 ) *G( 5) +G(G )tG(7)*S< A) )«0# 1 
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419 » ?SO«COO ” G ( 1 1 > ■ (G< 2 )+G( 4 )*G(6 )*G(9) >*n.l 

4PO - ?*1. COO G( 1?>".14*ST3P - - 

4 ? 1 - PBP.000 G(13)«.14*ST9C 

4?? • PBP.Ono G < 1 4 ) ■ • 1 o*G ( o ) ♦ • 20# LG (Zl*JG t&lJ . — 

4P3 . PB4 . con G(1S)«.10»G(4)43(9)«.P 

4P4 . PBS. 000 G ( 1 A ) *G (1 !+3(p)*G(s)4G(7)+G(HltG{ 101*5 (1P)TG(141 

4P5 . ?»5. =00 14WSVPKR*wBRF| 

4?A . PBA.COO G ( 1 7 ) *G ( ? ) +3 ( 4 )*G ( A ) *G ( 9) +G(1 1 >*0M3»G< 15 ) 

4P7 - PB7.COO G ( IB 1 ?5*G( 1 A) 

4?s . PBB.OOO G ( 1 9 ) ■ . PC*G( 1 7) 

4P0 • PSP. COO G( PO ) "G( 1 f ) ♦0( 1 B ) 

430 » POO. coo G(?1 l*G(1 7>40 i< 19) .... 

431 • P91.C00 G(??1»G(?C)4G(?1 ) 

43P - pop. C on DB POO TK*1|PP 

433 • P99.C00 IF< J.EB.1 ) WiNS( IKlaQC IK) 

434 . P34.00O !=■ ( J.EQ.p) .Tans (!<_)*.&( i!<J 

4.35 • pos.ono ?no Conti^ot 

43A • P3A.C00 RFTUR^ - 

437 » P97.C00 END 

43B . 2PS.COO SUBRftUT f nE STRUCT ( VB. WBCT. WTHETAj WNZ. WBj SA t Li SRUD.PV 

439 • ? 30 • COO 1 i R 1 . R2. SI / G37. Gl / G?> G3< GA»G7,G8»G9# Gl 0»3l 1 < Gl 2. Gl5» Gli 

440 • POO.Poo ?iG17,Gi*,Gi9,G2?/G?3iQ24j.G25j526>G23*332i.G33jGa4__ 

441 • P09. 400 3jG35.G3a) 

44? - 300.000 IMPLICIT RFAl (A«Z) 

443 . 301.000 C9M«oM/MAlM/ PR "PB . PRBP0 , B^T . BC ANTi BCANT . 6C ANT Y 

444 . 30?. COO li BC ANTP; vBFN'GB.NBENGflj THBsL. THBSL j TH ftV j T0V»FL9WR 

445 - 303. COO ?>TF,FTW,F!XHt?0 

44 A - 304.000 3/ TROPS, rpPPV, I S p 9BSi J SPBBVj SCDj BTW 

447 • 305. COO 4»w,0VCeRR/ T NT . ST AGV. DVCBN. OVCNST 

44 A . 30A.0CO B#RFL.TH!»TC.TuBSLT#THftTCiIRPf».ISPB#PP«PBT 

449 - 307. coo A.PRoPBl.PRftPflP.F^tP). D VBNC / DVB* D VTflTC » WSSC3. 8 f NWT< 8LANWT 

450 . 30B.C0O 7< 0 tNJ'M , BLA^'t . 9GLSW/GL0W. T B TAL# Sj Pj NATCH. TLSSR.FPRP 

451 • 309. OCO S< AHOLD, BLLPLb . BI.9WLB • BMS t S p . BMSDVTi BMSDVP* BMR 

45? • 310. COO p.LPNGP; TBNb, T^Wp/ SfNSj GRBWjMtNSLW — . - 

453 • 311. COO COM^oN/gtRO/ 

454 - 31?. COO . 1 API ,htv,LtV,hb.L0,LT.NX»nZ.FS - 

455 • 313. COO P/^P.mL.X 

45 A . 314.000 _ .3. < 1 . S F W, VC, PC. Q. SNO. IMG . ... - 

457 • 315. COO 4j P AL . THTM i RHPL.RMOSj TAUS 

455 . 3 1 A . coo 5* P c i iTS.PEL 0 . r AB/R^SBi TAUB 

459 • 317. COO 6,RHBF>Kp,SW*K7 

4A0 • 31B.OOO 7/ K 3 . K 4 . A CD . F A F — — • 

4 A 1 • 319.000 8»SA’*',FAPRi TAIlPB 

46? • 3?0 • 000 9jOFaC»ET.RhPtP.RH8PB — - 

4A3 • 3?1 .Cfn S.K A 

4 A4 . 3PP.0OO C PBMruT CALCUt ATTBNs DUE . T8 _.INTERS.TAQf. RE ACT f.B.NS 

4A5 * 3P3.COO S'Iap 1 ■ (FS»PL»' | T*NX*4ifl ) + (SLPWT*NZ* (L t-LB ) »FS ) 

4 A A • 394 • COO j.{F«*TBV*NPFmGP»CBS( A0I/57.?958)*HTV) 

4A7 - 3P5.0OO ?+ (Fq*T0V«NPFMGR.SlKJ( AO I /57 . Pq58 > * t L ! +L T V ) ) 

46 3 • 3PA.C00 S'1AR?»(Ffi*T9V»NnENG4»C8S(A“f/57.?95R)*HTV) 

4 AO . 3P7 . COO l-tTPV«M9FNGP*ST‘:(ARI/57i?958)»LTV*F5> 

470 • 3?B • 000 2- (PLP w T*MX-»M5*Fs) + (Ql04IT*N2*LB»FSI ... - 

471 - 3P9.COO R?*SMARi/Lt 

47? « 390. COO Rl»SMAR?/Lt 

473 • 331.000 RL«TP v«KPEMGR»Fq*CnS ( ABI/R7.?95fl)«0L«HT*NX*FS 

474 • 33?. COO C S^FA? CALCULATIONS .. 

475 • 339. COO SRI T I «Rl 

47A - 334. COO SLTR?*Rt-"L9WT*\'Z*FS 

477 • 335. COO C MB^FNT OaLCUi ATlBNS 

478 • 39A.COO MR1TL*R1*X 

479 • 397. COO MLTR?*Hi • ( 1. T .LB ) T0I RWT*NX«H6*FS 
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480 • 

338.000 

481 ■ 

339 * COO C— - 

48? • 

340.000 

4 A 3 - 

341 ,000 C 

4 A 4 • 

34P , OOO 

485 ■ 

34 9* COO 

48* • 

344 , COO 

4 87 * 

3 45 i 000 

483 « 

345.000 

_ 4A9 *... 

347.000 

490 * 

34fl . con 

491 • 

349,000 

49P • 

349*500 

493 • 

350.000 

494 • 

351 .000 

4 95 * .... 

35? t 000 

49A • 

359 • OOO 

497 • 

354.000 - 

498 * 

355.000 C 

499 * 

355 . COO 

500 • 

357 . COO 

_ 501 • 

358.000 

50? • 

359. COO 

503 • 

3*0.000 

504 • 

3*1 .000 

505 • 

3*?i COO 

505 • 

3*9 . con 

. 507 • 

3*4 . COO 

50 8 • 

3*5 . OOO 

509 • 

3** , COO 

510 • 

3*7.000 

51 1 • 

3*8.000 - - 

51? • 

3*9.000 C 

... 513 • 

370. con 

514 ■ 

371 .COO 

515 • 

37?. COO .. 

515 « 

379.000 

517 • 

374. COO 

518 • 

375,000 

515 • 

37**000 

5? 0 • 

377 , 000 

5? 1 • 

378. COO 

5?? • 

379.000 C 

5?3 • 

350.000 

5? 4 • 

3«1 . COO 

5?5 - 

38?. COO 

5 ^ 

383 . onn 

5? 7 • 

3*4 • con 

5 ? 3 • 

385.000 

5 ? ? • 

33*. COO C 

590 * 

387.000 

.. 531 • 

388 ♦ COO _ „ 

59? * 

389. COO C 

533 ■ 

390.000 

534 ^ 

391 .COO 

595 • 

39?. COO 

53^> - 

399, COO 

537 * 

394. con 

53 3 • 

395 . COO 

539 • 

39*. COO C 

540 • 

397.000 C 


l*<Rl.8LnwT*N7*FS)*l 0 

«4*VnM?t*WF"(WL*HL/'(2» # WL*WBCT*l?« ) ) ) 

FwD-RECTfSM-Wr! (?HT— C ALCULAT-T 0 WS — 

G1 «K 1 *srw 

G?» ^ . CH»vC** . 7R» ( 1 *PC ) 35 •— -- - 

wrw«*Borw 

Gw BP, *? ( ,75*9. 44. *SW>/ ( *.*WFW»p.M ) ) **.5*SW«RHftW*144. 

„Gs< . Pi* ( sW/A. I — — 

G3«GW+G9 

G4*i3fl # 0**.3*SN0 - ■ ■ - - 

FSlG*pLA VWT * 1 1 ROnO./Pl 51 1R> 

G5*.r39«(FNG#i00l«LNG)**«9 - - - - - 

Ga«04 + G5 

G7*K7 . — * 

Gfl «Gl ♦Gp+Gq+flA 

... Go *G r 4 G 7 - 

CrNTps srCTloN weight calculations 

PLXbURI tl/hl ■ 

PLY«MLTP?/mL 

AXpPL x /FAI — 

A V ■ P| Y/FAL 

G10 «(AX + aY1*1.2a*RW9LMLI.X* 

TRYT»<TP?TPl/( WRCTMPe #H L ) ) * ( 1 */TAUfi ) 

IF ( TBYT.LE.TMIN) TBYT«TM?M - 

T9Y* (SLTRZ/Mi )«( l./TAUS) 

_ I F ( TB Y , | f* , T BYT 1 TBY-TBYT ” 

T9X. (SRi TL/Wi ) #( 1 i/TAUS) 

!F«TBX t | FiTMtN) TBX-TYIN 

TRAVGMTBY + TPXWPt 

Gll»T tt AVGMLt«X) # I P. frHL + WBCTMSi ) *RHftS*l *28 

CrNTrR srCt T an FRAYF CALCULATION 

CF ■ i ./lAOCni ... - - 

OF ■ A • 0 _ _ _ _ ,sr- * . 

XC$FC*(a.O*Cf*M1 TP?*( w BCT» 1?.> **2e ) / C LFS*EF*DF**2* 1 

WBM.XCSfC* t WRCT * IP . + P. # HF )^PW0F/LFS 

SXCqrC« ( *OrLP*HL*wL*LFs) /(nF*FAF*A. J 

BXCRFC* M 4 4*nFLP*WRCT*WBCT*LFS * ^ * U 9 •OF*FaF ) 

__WRP« (SXCSEC*Pf*ML*5XCSEC*W R CT*12t )*RH9F/LFS 

IF(WPH*t F • W P M ) WBPbWBM 

Gl P»WBP# (LT«X ) * 1 #2* " 

CFNTFR srCTlftN PULKWrAO CALCULATION 

Gl3»RNft?* ( (Pi / ( P • *FAB ) ) * t 4 *4HF*2» *k(BCT*l?* ) 

1 + < R1*W0CT*1 ?•/(?• *TAUB) ) )*1.PR 

Gl4»pHR^e ( (9?/{Pi*FAB) ) * ( 4 . *HF + 2 « *WBCT } 

i4(Rp#WP rT /(2.*TAUB) ) 

Gl5«Gl3>Gl4 - 

Gl*«k?*90C. 

Cfntrp sfCttan wing provision Calculation 

Gl 7 « • R* (OLaNwT*. COI *WNZ ) * ( W9/C0S (WTHFT A/57.P95A) ) # «01 

Gia»GlO*G11 +Gi?*Gl5+G16 + Gl7 - - — 

CfntfR ptCtt^n nS&w calculation 

G 1 n • 1 t5R5*AC0 *" 

GPO • 1 •Oa*(LT-X)^K 3 
GP1 C Afto. 

GPP«G?0*G?1 

G?3*<4 " 

GP4«G18+G19*G2?+G2P 
COVrR C aLCUL a T I nNS 
CflVrp S^FLL CALCULATION 
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BM • 39* .COO G?5«sAW*tBa VG*RMftS*i 

54? • 399.000 C CftVrR fra M r rALCUL at t ftN 

/ 543 • 4 OO.COO Gp 6«?20. * W 9P* ( ? • *Mp + p« #WBct* 1 ?• ) /( 2# *HL*WBCT#Vi?* ) *1 • 28*1 «3 

544 • 401 •OOn_C COVfr L^NGpRflNi C ALCULA T J ftNI 

545 ■ 40P.OOO G?7»1 10* *AV*RM9L#2. * 1 g?8«1 *3 

546 * 403. Cm G?*-G?54-G?6 + n?7 . __ _ __ 

54 7 • 404*000 C THRUST ST^UCtURt C ALCUL AT T BSJS 

54* • 405. COO C THRUST POST . __ _ 

549 m 406. COO LF ■ ( L TV# # 2+Ht V ** 2 ) * * • 5 

550 - 407. COO FtP»fT* , n0335 _ 

551 * 40*. COO ~ G?9» ( <T4V*KiftFNGo ) /FTP ) *LF*RH9TP»DFAC*2 • 

55? ■ 409. COO C THRUST GTMBAI PLANp BULKHjtAD _ 

553 • 410.000 G30»R H PPB*( (t°V*N0fMGP*STK'( A6 T /57 • 295* > / ( 2 • *F APS > 

554 • 411. COO __ l*9FAr # Fol4(4.*MF + ? < #wBCT4i3 t ) T0 V* S’ftF MGfi *S I N < A0 i /57 t 295* ) 

555 • 4i?.00n ?*HBctM?./<?.*TaUPBM )*2. 

556 • 413. COO G31 • NiCFSiGfl * ?nO t 

557 ■ 41 4.000 G3?«G29*G304M1 " 

55* • 415.000 G33*K6 _ 

559 • 416.000 G34»6*7*(PV*.001 )**.6 

569 * 417.000 _ .. . G35«G25*n2640,P74G3? + G34 _ _ _ 

561 • 41*. COO G36«G35*G33 

56? • 419, COO G37-G94 j?4^G96 

563 • 4 ?0 • 000 RFTIJRN 

564 • 4 ? 1 . COO __ _ FMO 

565 • 4??. 000 SUORPUT tnE TwFRmQ ( WSG # WE$G # TSGa T8TTPS . TWGWT . WGUT » MQLE’wt# TWT# TLEWT 

566 • 4??.?00 _ 1 # PLPT^S .PA5FWT# T BTWT. PTPSC^# TTWTj BTPRWTi HCSWT j LOTWT 

567 4??. 400 ?j PRowTjOPPC. PHVCiSCWr) 

56* - 4P3.0OO 1HPI T c J T RrA| (A.Z) _ < 

569 • 4P4.C00 COMMHN/y a I N/PROPB j PRfiPQ> BBT . BCANT i t? OA^T j BCANTY 

570 • 4P5.C00 _ 1 / o CAN l TP^ ; 0F\9B # Ni&EMGe/TMBsL.TW9SL#THftV>TeViFL9WR 

571 • 4P6.C00 PiTF.FTU.FixHRO 

57? • 427,000 3# TS pR S, TS p BV, ISPSBSi ? SP0 B V, SODj BTW 

573 * 4 ? * , 0 0 0 4>HjnvC0RR, T^O j STAGVj OVC0N,HVrN:$T 

_ 574 • 4?9.00O 5/5F|.,TH^TC,TH n S{ TiTHPTCi 15^4, lSPPj p RB p OT _ 

575 • 430.000 6>PR9P01 ,PReP*?,Fk (?) , 0 V0 NO OVBj D V TO TO WO SCO 5 ! NWT j 0L ANWT 

576 - 431.000 .. 7i4!NJjWT.0L4WT,43LeW.GL9W,T4TAL#S# p /MATCH.TLSSR>FPRP 

5 77 • 4 3?. COO *j0H9l 0, OLLPLo , 91 . 6 WL 9 , 0YS T 5 P . ftMSDVT* OMSOVP, 0MR 

57* • 433. COO T*W*i T9W5 , SfNSi GR ftUj M T NGLW 

579 • 434.000 CBMVftN/ THERO/NCTPS . NCA , FWDTPSj FWOA, CTTPS. CTA, CSTPS 

... _ 5*0 • 435. COO liCSA .CBrPS.CRA.ATTPS. ATA # AStP5/ASA^aBTPSj ABA,8AST p a 

5*1 • 436.000 PiBACA/T^sCftN.WGrPS. WGPlE.^LPTPS#TUTPS# tuple: 

5*? - 437.000 3#TLft p S,hC5TP5.vCSa. WACSNJ.TAOQNi. !BA, TBTPSi IBCiLOA 

5*3 - 43*. COO A*LDTPS,PRflA.PRflTPS.PReC#PPCfHYC#SCA # SCTPS#SWTiSWC* WS I 

5*4 * 439.000 SwC«USG 

555 - 440. COO C K/S O^RrfCTTBN " 

5*6 * 441 .000 WSC»PLA\WT/(SWT+SWr> 

5*7 - 4 4 ? 1 00 0 OUHT« (WqC/WSI ) **• 1?5 - — 

5** • 443.000 C B4DY TPs WpTOWT 

5*9 • 444. COO NCHT«NCTPS*NrA#r)UWr 

590 ■ 445.000 FW0Wt“F'»i0TP5#FW0A#0UWT 

591 - 446. COO CTHT-L'TtPS*CtA#0UWt 

59? • 447.000 C3HT»CStPS»CqA»0UWt 

593 • 44*. con' C9^T«C9 tPS«CPA#ioUWt 

594 • 449.000 CT0T A*CtA+CSA+CBA 

. 595 ■ 4*0.000 CT0TWT»rTWT+r5Wr+CBWT 

596 • 451 .000 ATWT ■ a TtPS* A rA #OUW t 

597 • 45?. COO ASWT» AStPS*AsA#oUWt 

59* • 4 5 3 . 0 0 0 ABWT*A3TPS*APA#0UWt 

599 • 4*4.000 AT9TA ■ A T A + A 9 A A 9 A 

* 600 • 4*5. COO ATBTWT* AT^T^APWT + AnWT 

601 • 4*5.500 BlBtPS^kjC^ T+F^OWT ♦CTflTWT + ATftTWT 


> 
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*02 

*03 

*04 

*05 

*n* 

*07 

*na 

*03 

*1 0 
*1 1 
*1 2 
M3 
*1 4 
*15 
*1 * 
*17 
A 1 ft 
*19 
*20 
*21 
*22 
623 
*2 4 
*25 
* 2 * 
*27 
*2* 
*29 
*30 
*91 
*3? 
*99 
*9*. 
*35 
*3* 
*97 
*33 
*39 
*40 
AM 
*42 
*43 
*44 
*45 

* 4* 
*M 

* 4ft 
*49 
*50 
*51 
*52 
*59 
*54 

*55 

*5* 
*57 
*5 ft 
*59 
** 0 
**1 
**2 


45**000 BASrwT«9ASTP5*PUSA*0UWT 

457*000 I9TWT # I3a*!BtPS+IBC _ . . - - - - - - - ----- 

45ft *00 0 BTPRWT«NCWT+FW0WT+CTftTWT4ATnTWT*BASrWT*TPSCBN^TBTWT 

4 c 9 . CO 0 C W!NQ..TPR WF!SHT - 

4*0*000 WSWA«Wg;qfi#WArOM 

4*1,000 HGLFA»W3WA#'4!3PLf . . .. ----- - — - - 

4*2*000 WGTPrA«uGWA*WGLFA 

4*3*000 . . ^3^T« w GtPSa*WGtPS*0UWT - ■ 

4*4.000 W GLF W T » w 0L F A # W L F T P5 • DU W T 

4*5 . 000 TrfG l %T"W jWT + WGLFWT — 

4** • 000 C TATL TPft Wp tfiHT 

4*7*000 _ T A ■ T SG # T A C ft M - -------- 

4 * R . 0 00 TLF A • Tw a *TL p l F 

4*9.000 ... TT p 5 A * T\' A • TL.F A — - - 

4 70.000 T-VT«tTPqa«TLtPS#DUWT 

471 .coo ILFVT , TLFA*TLCTPSPDUWI 

472.000 TTWT*TWT4Tt F wT 

479.000 MCSWT«Mr5TP5»MC5A*DUWT ■ 

474.000 LDTWT«LDA*10t d S 


475.000 
47* .COO 

4 77 * COO — 
47ft . COO 
478*200 
47ft * 400 
47ft. *00 
479 . COO 

4 20 • COO 

4 ft 1 • COO 
4 ft 2 . COO 
4ft 9* COO 

4 ft 4 . con 
4*5 . oro 
4 «*. non 
4 ft 7 . coo 
4 ft ft . con 

4ft9 .000 
490*000 
491 . onn 
40p , COO 
499 . COO 

494 . 000 

495.000 
49*. COO 
497 . COO 
49ft - COO 
499 . COO 

500.000 

501 .000 

502.000 
509 . COO 
504 . COO . 
505 . COO 
50*. COO 

507.000 

508.000 
509 . COO 


Paowt ■pqoa«prrtps+pr*C — — - 

SCWt»SCa*SCTPS 

.. Tft TTPS«3TPRWT*TWGWT + TTWT>MCftWI — 

1 ♦LCTh.'T + npeWT^PPC^HYC^SCWi 

PtP9C n *TPSC9nj - 

pppr «P p r 

P^YC«HYC — 

Rftur^ 

_£>0 

SUBROUT IKt ArCfnT <TAPR8P.F*!3PACiFNG,TVC.CBNTR.PRPUTL 
1 . p R°5 Y S.FAD.F9rc;.CH!L.P p FV4L.FEE:DS.D?SC.MISC> 

RF At MJSCaMTcCF. JAC#N3FNGR . * 

PR^PB.PROPCjB^T.BCANTiflCANTiOCANTY . - 

1 #BC4N!TP,MBfNGBjN8ENGG#THBrL»TW0SL#TWPV#TBV#FL9WR 

?. TF,FTW,F!XHPD - . 

3/ T5 p PS, T9 p BV # f ? S p 8 B V , 9CD . B T W 
4 jM # 0VC9hF, T k -T j STAGV/DVCBN.OVCNJST - 

5#PFL , TMOtC * TuBSl TaTHOTC. T5P9. f SPB. PRPF&T 

*, PPqp»i , PP^Po?! FW ( 2) , DV8NC# OVB# DVT9TC- WftSCD j ft j NW t . OL AN^T 
7.9 T\ l J w T ,flLrVAT#fnLftW.GLB w . T°TAL.S. p .MATCH.TLSSR.FPRP 
Aj3H«M _P # ^LL p LOi BLBW|.G f oMS !5 P . P^SDVTj BMSDVP. 9 MR 

9.LPN<G p .TPWfl, TBW9.SFNfi.GP«^.HTMGLW 
C0MM5N/ A c;Pn/P©G9#SPI . hHEaD.PHEAD. HULL. PULL. FTU.RH 0 
l.MATL* Hr LENJ.^CLFN.HFLEN. OF LFKi.CPLGI 

BfNjGkP" 9 • 0 

B A F N 0*692*. 

.. ESL n * 1 * 22b _ .. - 

BFTHST *4.72000* 

B p UTL*lO. 

BFAO-779. 

B d RF5*1 097 . 

BOH T I * 1 9 3 * 

B=?PCT^*ftft5. 

BO T A T N« i ? • 

BPPGoMnOt ... .. - - 

BdT A0*l7. 

GF S • 3 « .... - ------ 

SJ p TF»?5. 


510.000 
511. COO 

512.000 
519. onn 


HDBOR "50j 

Po«3r»50* 

M!50r*10i 

C CalcuLatf MAIN rNGTNF wt. 
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663 

5 1 4 

oon 


ECST»BAfnQ/BfT HsT**ERI_P 

664 

519 

000 


EK'Gu»EC9T*T9V**rSLP 

665 

516 

con 


emg-nPfvgq^fmgu 

666 

517 

Con 

r 

o a ( rt.'L a t? TVr wt* 

667 

' 51* 

Oon 


TVCU» •0O04??#T9V+?O*. 

66? 

519 

con 


TVC«TVCtj*NPFMG9 

669 

5?0 

Oon 

c 

CALCULATF T GmT T T PNJ AMD CRNTRRL WT • 

670 

5?1 

oon 


C9MTR “3 77 * + 67* *M8EVGft + P0Gn«MftFNGft*53. 34 

671 

5?? 

con 

c 

CALCULATF PRoPFI.LANT UTILIZATION S*5 wt. 

6 7? 

5?* 

con 


PRPUtL ■ ‘^PUtL 

679 

594 

con * 

c 

CAL TULatE PfLL AMD DRAIN «T. 

6 7 4 

595 

Oon 


PaO« c ^ao ... 

675 

5?6 

Con 

c 

CALruLATF PPrSSi IR I ZAT ! SM <;Yq WT. 

676 

597 

non 


PWFR.BPrFSM (T fiV«NPFMG0 )/( h FTWST*9ENGN0))**.^ 

677 

59* 

con 

c 

CALTULaTE CuILl.DRxN DUMP qyq WT. 

676 

599 

con 


C*I| «(SrMl| /9r\t9N‘9)#(TeV/f?pTWqT)#4.5«V8rNG0 

679 

590 

onn 

c 

CALCULATF RECIRC SYS WT. 

6*0 

591 

non 


RfCTR«9-;fCtP»( (TSV*mrfMGr)/(BETHST* 5FNGN0) )«*.B*SPj 

Ml 

69? 

oon 


IP <SP I . GT.O. 1 Cw!L«0. 

6*? 

599 

oon 

c 

CALCULATF P=F VALVF XT. 

6*3 

5 94 

con 


Dl A T N B ?0 T A T v* ( TF1 V/5r THST ) 

6*4 

5 95 

Oon 


VALVf»1 t «;*?*rMAfN**1.7* . 

MS 

" 536 

Oon 


''0?PV.':firMUR#( VALVF*PfiS9»BPPGfl ) 

6*6 

577 

con 


H?PV«N0rKjG9«VALVF. ... . 

6*7 

53* 

oon 

c 

CALruLATF FXt tank DtSCONNPCT WT. 

6*8 

579 

oon 


DT A-'.HDTADM (TRV*NPFNG0 )/<°FTHST*BENGNB))**.K 

6*9 

540 

000 


D T A9R * ( ,1cS*n!A^**?i ) * * * 5 

690 

6 4 1 

On n 


DTA0n»SOT*{*6*n?AD**?.)***5 

691 

54? 

con 


IF (qpl .rl.O, ) DTADr«DIAD 

69? 

543 

con 


H?nv« 1 *9R?OT ao**i .7* 

69 9 

54 4 

Con 


ePDV.SPt*2.«l .SsP'DI AD6 »*i .7* 

694 

546 

con 


IF ( CP I . rD . n. ) RpDV.ripDV 

699 

5 u6 

oon 

c 

CALCULATF FFfO DUCT wt. 

696 

547 

Con 


WPRFq«H"l L*WwF A"i»CiFS»4 . 4/1 TP*. 

697 

549 

Oon 


” 0PRrc;«5l:LL + 9wFAn«GrG*71 #/1 7?*« 

698 

549 

Con 


THO»^ p Krs*r ! AO/ r TU ... 

699 

5^0 

con 


TMOMiC# 

700 

551 

000 


IP( M ATL,pG.n TUDM- , nO? # CT AD+fOO* - 

701 

56? 

con 


JF{yaTL.fO .?1 TMDM..n03»DTAD+.010 

70? 

563 

000 


IF IMaTL.fO.G 1 TuDM.,nn3«DTAD*.030 

703 

55 4 

con 


IF («aTL.FU.4 ) TmDM. . nO2»01 AD + .034 

704 

5^5 

Onn 


IF (TwD m .GT.TuD) T Hn » tmdm 

70S 

566 

Con 


T f> D«R ,J Rrs*DI aDR/FTU 

706 

567 

Con 


T » DM » 0 • 

707 

66* 

Oon 


IF (“aTL .fq. 1 1 trDm., nn?*DT AnR + .oofl 

70* 

5 C 9 

Don 


IF(^aTL.fO.?\ T<lDM..nr,3»DTADR + .nlO 

709 

560 

oon 


’"'IFMaTL.FG. 3) T9DM«,n03*DT A084.030 

710 

561 

con 


IF(maTl,f 3*4) T«DM.,nO?»DT A0ft + *024 . .. . 

71 1 

66? 

oon 


IF (T*^.GT.TnD> TBO-TODM 

71 ? 

569 

oon 


THC- B uPRrq*ni A TM/FTU . 

713 

564 

Con 


T9F »nHRrs*r)! A TN/FTW 

71 4 

5*6 

Con 


TF^.r* 

71 5 

666 

oon 


IF(MATL.rQ,n TrM« # on?*DTAlsj4 *008 

716 

567 

oon 


1F(YaTL.F^.?) TfM« . 009*D T A ? N**010 

717 

56* 

coo 


!F(M A TL.rQ.91 rrM« .0n9*D T A IN^.030 

71 * 

569 

non 


!=* ( m aTL .r!J* 4 ) Trt'* . 00 ?*D T A T K J*#0?4 

719 

5 70 

Con 


r r ( TU? * 1 r • TFM ) THf. »TF M 

7?0 

571 

cm 


IF { TOE • l T*TrM) t3E«TFM 

7? 1 

67? 

Con 


MOUCT*HOLEN # 3» 1 4 1601 AD*T»4n#RH0 

7?3 

679 

QOn 


^♦MFLFN*KpENfi^*l.lJn6*0IAlM*THE # PH® ... 

7?3 

574 

Onn 


JaC-^Clfn;* 0, 141 6/?* 1 * < 2«*PT AD) »3« 1*1 ***012 
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7?5 

7?* 

727 

7?* 

7?9 

73^ 

731 

73? 

733 

73* 
735 
735 
737 
733 
.... 739 

740 

741 
74? 

743 

744 

... 745 

74ft 

747 

743 

749 

750 

751 
75? 
753 
7*4 
755 
75ft 

757 

7*3 

759 

760 
7ft 1 
76? 
7ft 3 
7ft 4 
7ft5 
7ftft 
767 
763 

769 

770 

771 
77? 

773 

774 
.. . 775 

77ft 

777 

773 

Ml 

7R1 

7R? 

7«3 

7R4 


575.000 ’ ~S*.?Rft+HrLEN*Nj0FNG0*3. 141ft/2.* (2«*DI ATN>*3. 1*1 A 


57ft. 00ft - - R*.01 ?*. ?R6 t(uCLPN*( 1 .+DI Af5)*3.l41 A*1 • 

577 . ono r*wfi rN»vnEMf)*»M • *ntA0)*9.l4i6*i«> ,, 5./i7P8. 

578.0010 HDUCT*HnuCT*JAC 

5 77 . ccn 0OUCT*0CLEN*9. 1*16*D? AD0*T8n*RH0*( l.*SPt ) 

5RO.0CO ....... . Xt9FLP'Y*NfiENG0*3. 1*1 ft*DIAIN*T0E*RH8 

b«l .non Y. . 01 2 

5R?.C0ft .. Z.R.78 - - - 

5S9.COO IP ( C p LQ T.EQ.1.) Y».l?ft 

584. con IP (C P LG t.EQ.i • 1 _Z*6.?* — 

5 35. non HC 01 !PU«?,»K' 0 rNGo»( Y»DJAl N*Z*. 195*01 A tM) 

5R6.000 £*N8FNG0»{Y*OTAt‘J*Z*( ,?86*RH81*DlAIN/?« 1 - 

5R7.C0ft R*N8PMti9* ( Y*Or A TM + Z»RH0«DT ATM ) 

5RR.C0ft . 5* ( Y«D I AO + Z* ( . 1 *RH0 ) *D I AD/a. ) 

5R9.rnn X»( v*0j A T Ni + Z* ( .986*RH0) *Dt ATN/2. )*N0FNG8 

570 . COO JP IRH0.1T* • ?») hC9UPL*HC8U p L»X 

591 ,cnn 0C0UPL«s ,»N0rNJG>1* ( Y«DT AlT.*Z*. 193*91 AT M ) 

57? . Oftft . .... R + \Rr\G9»( Y*ft| AIN+Z*( • 286*R W 9 > *D I A t N/?. > 

577. COft H+Mf*rK<j8*< V*ftt ATN*Z*RWfi«Dt Af\l) 

574. con £+( 1 .♦SPf) • ( Y.0 TaC 8+Z*I . l*RMn )#D|A08/?. ) 

5 75. con X* ( Y*DJ a tN*Z*t . ?86 tRH 0 )«Df ATN/2. )*NpFNG9 

57ft . OCO IP (RK0.3T t .?* ) . 0C8UPL*0C0UPL«X 

537 . Cftft X»TVT!HCI.EN:/700. ) 

59R.C0ft H3EL0S»X* .041 7 R*D! aD*#2. 1*N8PNG0 . 

579. Con £*(.oa17*»DTA»N**2.i*?.*.oi854*DIAIN**?.AT 

6 C 0 .C 0 n .. . X»IVT(6 CLEy/300. ) 

fed .Cftft 85PLfiS*X*. 1475*0! An0*»2«O5*NftENG0 

60?. COft £*( • 1 4 75*0,1 A! w»#?.C5 + ?. *.03451 *01 A ! N»»2 

ft 09 .COO H3U p T*.ft1 *5UPTF» (Hr8UPL*H?°V*P20V*HftllCT*HBEL8S ) 

fiC4.C0n - esUPT*.ftl •sUPTP*(8rfiUPL*0? D V+82OV*8DUCT4BBEL0S) 

fer5,C0n HOR.wOonR 

60 ft, or, ft 8OR*0O00R - 

6 0 7 , C C ft 8?FO.7CqUPL*oDUrT*0BPL8S*nSUPT*8D9 

60R , con H?P0 * m C7UPL4WDUCT4hBfL8S+HSUPT*HDR 

ft07.00ft C CaLCULATF MIqC wt. 

610. con hTSC». 0 l*MTSrF*(TVC*C 8 NTR*PRPUTL*FAD 

ftl i .COft £ + ?Rre; + Ci4TU*RrCTR + 8?PV*H2PV*W?DV+ft?DV 

61?. Cm K*92FC*H?FD> 

619. cnn C 5JM CRY UT, 

6i4.cnn at0t« m 15C/( .fti*MlSrn*ttlse«-NG 

616. cm C mail asopYt rutput 

ft 1 7 . COft EnG ? aC*fmG + T VC+C8NTR+PRPUTL - - - 

ftlR.CCft P.9 FVaL*R?PV + W?PV 

ftift.cnn PEro5'0?PD*w?FD - 

6?n. Oftft D!SC«e?ov+W?ftV 

ft ? t ,oon prop ys*paD* p rfs+CH tl+PREYaL*eexds*D jsCtMlsc 

6??. Oftft TA p R0 p *FNGPAr*PR0SYS 


ft?9.oon rpt'jrn - ••• 

ft?<*.cnn end 

6?5.C0ft SUBR.0UTTN.E LaDSYSO NDCKJNG1.NG2ANG3.N3EARJMG1 .MG?aMG3 

ft?ft.nnn Ia'IGpaR# aX1.ax?<aX3, axGE ar.Lnodkk ) 

6?7 , COft IMPLICIT Rfai (A.Z) ... - .. .. 

ftPR.COft CBMMftN/ilAlN/ PRnPB. PROPS. nPT.9CANTA0r.ANT, SCANTY 

6?7. Cftft 1 a PCaNTP .NSfNGB, NSEnGB, THBRL. TH 8SL, THft V, T8V. FU8WR 

Ain. con ?.tp.pTW,fixmrO 


tn-.m 2{i?^gftJ§??Vil?8e5i45!8eyr$SBs? TW 


699. con 5a PEL. THBtC . ThBSLT a TH8 TCa t S p 9 , ISPBaPRRPBT 

ft 94 .COO ftA p R9P8l ,PR0 p R?jFW(? ) .DV0NC,OV8 aOVT8TC. W0SCD. 0 1 NWT a 01ANWT 

6 35. Cftft 7 a0TNJWT.0L0Wta0GL0WaGL0>'aT' , TaLaSaPaMATCHaTLSSRaF'PRP 

696. Cftft R.fiWOL D,«U.LPLfl i 01.04,1 0 , 0MS t 5 P . 0MSO VT , PM3 DVP , 3MR 
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785 • 6*97. OOn q/LfiVGPjTftWftjTSWB/SrNJRiGRftw/MT'isiGLW 

786 a 638. COO COMHftN/LRQo/ LGnU .LG VSL , L.GLC* L3L Si UQD T A , BRCF 

787 • 641.000 MGR«PLAMWT*?q5Of>0« /21 5000. 

788 - 64?. COO N3R*8LA\'WT*7900O*/RlF00Qi 

789 • 64*9 tOnn PHT«n* 

790 • 644,000 THFTA»4q # 

791 • 645. COO TMFTA a THrTA#i.l4l59/1«0» 

79? « 646.000 Put «P H I *9*1 4159/180 i _ 

793 - 647. crn M;jMNT"2. 

794 • 6<*8.C00 NUMWaM 

795 - 649. con* Ll»LGLC'~ ~ “ “ ~ " “ ““ 

79 A . 650. Con l?-,? # LGLC 

797 - 651 .con L3«.*»V»LS 

798 • 65?, COO . L 4 ■ • 5 # L3LC 

799 ■ 653.COO L5»?5«5 

ADO • 654 • COO L A • 9 . 

801 • 655.000 LP «L 4 # T AM ( PM T ) 

80? - 656.000 L7»L 6*L 1/T ANf TWFTA ) *L8 . 

803 • 657.000 D » 9 • 

804 • 658,000 BPKWT ■ < ftLAMWj/ 1 28 , 8 ) M M • 6878*LGVsL >**?•) /BRCF 

805 • 659,000 SP*^GP 

806 a 6 AO . 000 T V T T B F p * ■ 0CI6R7/2 ♦ 

807 • 6 A l *00 0 TWW«sP/(?66*aAAa67*2. ) 

808 * 6 A? • COO AXirq ■ TWh*,44?26. _ 

809 • 6 A 9 • COO VP » . 5*0t *NWT * 1 • 4 

810 • 6 A 4 . OOO . . D c ?».4*9lAMWT#1 *4 

811 - 6 A 5 • 0 0 0 VT ■ »4*VP 

81? * AAA. 000 . *6 * VP ___ 

813 • 6A7.C00 VC • ( 1 . /1 7 U ( Vft * { I 5+L8 ) * V I * < L5«L8 ) ) " 

814 • 6 A 8 • 00 0 SC « VC/TANJ ( THTTA ) 

815 • 6A9.000 VA • <1./Ll U(LGLS*DR«( (VR+VOJMLl/?* > > > 

816 • 670.000 VB ■ VR*yC+VA 

817 • 671. COO Maa«.5*I 1 M V a ♦ VB ) at 4 *DR 

818 • 67P.C00 AC • l.?A»( f M A A / ( . a5*L GFlU ? ) »♦ ( g . Q/3 . 0 ) ) 

819 • 673.000 PC » 90^ T U C / . 5^6 90? A04 165 ) ** " " “ “ 

8 ?0 a 674.000 . WC ■ AC# { LoLC *L? > * . 283 __ _ __ _ 

8? 1 • 675.000 Bract ■ . i*wr 

8 ?? • 67A.0OO B • ?«#309*#STM(P|hI j 

8?3 a 677. COO BTTA • A T A* ( ( L ? + L 4 ) /[. 1 ) 

ft?4 • 67ft. QCO LA • C • 5*L 1 *i?C ) / ( CfiS t BETA 1 *CftS ( PH! ) J__ 

8?5 • 679.000 ^ 5 T Dr ■ ( V9#r55 f PH ? ) 45C*S T M ( PMM ) *C85 ( BETA > *LA 

8? A • 680. CCO ... MTROMT • ( V r, #5?M(PMr ).SC»Cft5(PH! > )*LA 

8?7 • 681.000 Dl ■ < 739* .( 54. «MS?Or >/<LG p TU* ( 2. *RC« 9 . #S I N { PH t J )))•#( l,/3,) 

8? 8 • 6 8 ? . COO . D4 ■ 6.*mFR0mT/{4i4LGFTU#RC*RC) 

8 ?9 a 683. COO AF » (D. (Ol *04 ) )*£+(Dt *04 ) 

893 a 684.000 toPA » 1 * 05« A T *L A * • ? 8 9 * .6 _ 

831 - 685. COO M8T0pR • ( ( Vn • C 9S ( PM T ) +SC # 5 T N ( PM T ) j #C9 S ( BE I A ) -OP *S TsTTBeT A ) >~*LA 

83? - A8A.000 Dip • (7?9,*{54,*N5incP>/(L3PTU*(2« # RC-9» # SlN{PHI J ) ) )*Mlt/3t } 

83? a 687. COO AA • (D» r Dl P.04 ) ) •9* t niP«04 ) 

834 m 688,000 WAA « 1 • 05* A a *La * • ? 83* • 5 

835 • 6 °9 , 000 MP • OR# (LGL5-LGLC ) 

896 * 690.000 AP • 1 • ?A* t MP/L5F TlJ )#•(?, /3 A ) 

837 * 691 .000 WP » l.s*AP*| GLC # .?83 

83 3 - 69?. COO _ . T W 5 Q C * HA A *WF A + + ACE 

839 • 699.000 ATP ■ . 04MWRSC* * 1 . 1 

849 • 694.000 WT ■ TWqqC + V p ^B9<^T^T w TT^AXLES4.ATFfT WH 

841 a 695 • COO tfCOMT^ ■ * ??5 # ( s*T * • . 95 ) 

84? • 696,000 WT ■ Wy + MCqMTM __ 

843 • 697. COO TMTTAB • T HT T A # 1 g 0 . / 3 • 1 4 1 *9 

844 • 698, COO PW I ? • PM J #l80./3t 1 4159 

845 • 699. COO S D N • NGP/NUmNT 
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84S * 700*000 WNT > .00*875 

847 • 7C1.00 0 TWNT- * WNT *Nl IMNT — — 

848 • 7OP.C0O WMM > SP\'/P6 S.SS667 

84? • .. 703.000 AXLM-*-.‘js/MN#.44p?fiu 

*so • 704.000 stm ■ r.‘.RSC*.40 

8*1 • 70S.C00._. ATFM ■ .06*TWRSC**1 1 1 - — 

AS? • 708.000 kTNG ■ TW\T+WHM+AX|. N*STN*ATFN 

AS 3 • 7P7.C0O NCBnjtN ■ < l *TsjG**t9«O*«850 - 

R54 * 70R.CC0 UTNG ■ a/TNG + kjCBnjTN 

ass • , 7nq.orn wc ■ wc* i.?s 

ass • 7in.con wpa * Wta*i.ps 

857 • 711. non WAA • WaA ♦ i.?s - - - • - 

ash • 7 i ? • non Bract ■ RRaCt * l*?s 

859 • 713. cm TWRRC * TWsqr # liP5 -- - - — 

8A0 • 714.000 AxLrR*A yLER*1 .?5 

8S1 • 715.000 m W P^ * 1.P? 

AS? • 7 1 S • 000 HCfiSiT M • M C0\JTM*lt?5 

883 • 7 1 7 • C 0 0 ATF » A T F # 1 • ? S - - ------ 

A A 4 • 71A.0OO RRKU’T • PRKWT * 1 t ?5 

ASS * 710. COO . . TWTT ■ TWTT«i.?5 — 

ASS • 7P0.C00 T >/H « r*'H»1*P5 

AS7 • 7P1.CC0 WT « JWSRC+WP*BPKWT-*JJlTJ>AXUSAUE*.TWktMCaiJni 

ASH • 7??. COO TWN)T • TWMT«*A0 

AS? • 7P3.0OO WMN i WmN*.Ro -- 

A70 • 7F4.00O AXL\ • AXLN«.80 

871 • 7 ?5 * COO STS.' ■ STN*.AO -- - ----- - - - - 

A 7? • 7 ? A » COO ATFN ■ ATFN*.AO 

A 7 3 • 727.000 NCPSJtN . ■ NCBMTN * i fifl„ — 

A 7 4 ■ 7 ?H i COO WTK3 ■ TUNIT + WMSJA AXLNJ+fiTN + ATFN + NCftNTNJ 

875 • 7?0 * 000 .-N31 *T W NT + ^HN . -- - - — ■ — 

A7S • 730.000 S]0?»sTM4AXlN4ATFN 

A77 • 731 .000 . N33*nC0MN 

878 • 73?. COO N5F AR*NGl +S!G?*Nl33 

879 • 733.000 h'jl » ( TWw*T ''/T t + BrKWt ) #2 • 

880 • 734 , COO ^0?« ( T’a'SsC + AXLFH + AtF+WP J *?* 

881 • 73S.0OO , MG3» ( m C9NTM ) *?• - - ■ — - 

8 8? • 7 3 S , 0 0 O M3F AR-M31 ♦MOp + MOa 

88 3 • 737.000 AX 1 ■ 1 • 5* < 1 . 8 ? * ( . 0074 # { . 07528/ < 2 . *32 . ? > * U • 6A78*LG VSLJ • # 2 > # * • 57 

884 - 73A.C00 K+ t LOO I A *|_Gn 1 A + 3 . *LGD T A ) +1 0 • )) 

8 AS - 733. COO A X ? * A * 2 

A AS • 740, COO A X 3 * A ^ 3 

A 87 - 741.000 . AXGr A R * A X 1 + A X? + A X3 - 

A88 • 74?. 000 LMnOK«N , irAR + MnrAR + AXGFAR4.LV0nKK 

A89 • 743.000 ..... RFTURN . - - - ■ - - -- 

893 • 744.000 FNO 

891 -745.000 S’JPRftUTTNE OUTPUT 

89? - 74S.OOO I v lP|.rClr «rAt (A-Z> 

893 • 747,000 PRHPB.PRBPQ.BSt.BCANTj RCANT .SCANTY 

894 • 7 48 .Coo l*9CAMTP*M0rNG5#SJBEN.Gft.THBsLiTH9sLj TMft V#TBVj FLflWR 

895 • 749.C00 ?i TF . F TW , F I XMt?0 

89 S - 7 SO • COO 3# TSPHS, TSPPV. T9P6BVi900#9TW 

897 • 7S1.C00 4>HjOVC9^R, 1 NT j ST AGV. DVCQN , DVCMST - ... - - - 

A 98 - 7 S? , COO SiRFL, TH^TC.TMPSLTi TMRTC a T8 P 9. !SP9i P R0PBT 

899 - 7S3.C00 S# PR9P0 1 . PRftPo ? . FW ( ? ) . D VB\C , OVB > D VTB TC# W9SCD j 0 T NWT « ft’L ANWT - 

900 - 7^4.000 7^1VJJ w T 9 GLB'a' # GLOW , t^T *L< S j Pi M A T CM , TLSSR > FPRP 

901 • 7 1': S • C 0 0 8.SH0LP#9LLPL9iBI ,9W| 9 , Or^S T 9 P . OMSDVTi OMSCVPi 9MR 

90? • 7 R A.C 0 n 9# L9NGP/ TP^Bi tsws » Sr\(S M GRbw 

903 * 7S7.COO CBM^0N/sRrB/BBByTi3DRYWTjBGLftrtjUAM»jP«8I . 

904 - 7S8.COO 1 ^ S , WC ASF j W Jft 1 \T • WN0 ZZ # TER i W t MRT j W t GNj BSR^C 

905 • 7S9 .COO ?# SRM T SS . PWF9 * p W A SLR i P^AS j P w SjF j P A' T K# PWA Vj WNC TPS j SRH t C 

90S * 7SO,COO 3>WRPC0V.PWPAR#PWPI , p WRR j PWRP , PWWR j SRMRC 
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907 

7*1 .oon 

4 

908 

7*? • COO 

5i 

90S 

7*3.000 

*i 

910 

. _ 7*4 * OCO 

c 

91 1 

7*4.040 

1 

91? 

7*4 • 0*0 

u 

919 

7*4 . 1 ?n 

? 

91 4 

7*4. 1*0 

1 

915 

7*4 • ?nn 

? 

9 1 A 

7 * 4 • ? 4 n 

1 

917 

7*4 . ?80 

p 

91 * 

7*4 • 3po 

3 

919 

7 * 4 • 3 * o 

1 

9?0 

7*4 • 400 

p 

9? 1 

7*4.440 

3 

9?? 

7*4 • 4*0 

- 1 

9?3 

7*4 . 5?n 

? 

9P4 

7*4. 5*0 _ 

...... 3 

9P5 

7*4 • 600 

1 

9?* 

7 * 4 . * 4 H 

? 

9?7 

7*4.6*n 

1 

9?* 

7*4 . 7?o 

? 

9P9 

780*000 


9*0 

7*1 • OCO 

1 

931 

78P . COO 

p 

93? 

7*9*000 

3 

933 

784.000 

4 

934 

785 . COO ... 

5 

935 

78* . 000 


93* 

7A7.00C 

1 

937 

788 . COO 


93* 

789.000 


939 

7 Q 0 * 000 


940 

791 . oon _ 

1 

941 

79? . non 


94? 

703 . con 


943 

794 . COO 

1 

944 

7 a 5 . oon 


945 

70*. 000 


0 4 * 

7l7 , COO _ 


947 

793 . COO 

1 

9 4 8 

7^9.000 

? 

949 

ft 0 0 * 0 0 0 


950 

ftOl .000 


951 

8 op . con 

1 

95? 

803.000 


95 3 

ft 0 4 . c 0 0 


g5 4 

805 . oon 


955 

80* . COO 

1 

95* 

807. con 


957 

808 . enn 


95* 

A09.CM _ 

1 

959 

810 . con 


9*0 

8ii. con 


9*1 

8i ? . con 


9*^ 

813. 000 

1 

9*3 

8 1 4 • Oon 


9*4 

8 15. oon .._ 


9*5 

81*. oon 


9** 

81 7. Oon 


9*7 

818 . Con 



UNrrKT.pXPj w s,*8Sl.UKj,SRML,SRMD 

PGRRSS.pBBBwT.PPRA'PB.PDRYWT. PBBSLU — - - - — 

r T XB80 , S I MRns 

nHYnN/'>RBS/PljP2#R|.jWTA.UXjiWTACSj ACSFNGiJlCSSYS 
ACBMBD.WTPM<5,OM S E N Q # PR0p R V, WT 9M T K,MftOULE 
SUrfC, PPWR.rLFT/WYDR, AVlSVS, ECLSB, PPRBV, 9UNCWT . 
SRRkIS.TASPr'I.sURFK 

PFRS0N,sRFGn,0DESV.PLBADu.PL0ADD. ACS p R0. W9PR9P. SUDLE 
r ixpKB.r ixwn»,«»DRYWTj8RirL 

•v vn. ws~,, WfiqrR, WTPRRF,WTflRHC. LEW fWT£, wail* WAS* WADR*WA« 

WAF.GPrpV.PwINGK.tATL.TSG.TBSTR.TTBRaB.TLE.WRUO.WRS 
WRno.WRW.WRP. PT* ILK 

G37.U1 .GS.Gp.Ga. G 7.GA.Gg.Gl n.Gli.Gi?. GlR.Gi#, 
G17.Ul»jGiP,rjp5 i G?'?,G2A 1 G2'i.S26>G27.33?<G33 < G3* . _ 

GS* » 1 ’3a 

TPTtPS»TWGWt,WGWT #WGLE w Tj TWT iTLEWT jBLBTPS 

3ASFWT. |BtWt»PtPSCN,TTWT.BtPSWT»MCSWT»LDTWT 

pRpwT.pppc, P-IYC/SCWt . 

TA=R9P,rNG 0 AC.rNG.TVC.CPNTR,PRPUTL.PRBSYS 

FAG. p RFS.CWiL.PREVAL. FEEDS. nlSC.MlSC 

LM5D k .\G1.NG?»nG3,NGFAR.MGi . .'IGP. MGa, “IGF *R. AX 1 . AX2 

A X R , AXGFAR.LND0KK . 

CAM^nN/crxTn/poOGRP.TDTPS.PWOTKiPAlRT.fwOBLPjFCCTPS 
CPVSCT.tPSTN.CYLSCT.ACYDM. aFTBLF.Wj NT. PROSY. AFTNK _ 
FnsYs.F^OPl A.PRSVNIT, APtCYL.SUMP,AFt3LA.PNPU«TW!MT 

NPSFAO, AVT^NT.'JHPPNI « WRET o 0 • TUNNEL. M! SCT. B A FF. SUBDRY 
OU.nPY .'T.RFCtDT.UNDRAN.FFFDTR.PRSUKT.FBlAS. INERT 
GRarSK. TL*! 41 ? * 0TR AP. F XTL. F XTG. BLKMP . F XT^O. EXTHH. S I MPTK 

c .AM«oM/nve/nvT,"iV9\,nvR i cvPR,DVBRP < xpj xa 


WRJTFt 1 PCnO > 
WRJTFllOB/POlO) 
WRtrr ( l?a. pcpo ) 

i*wAfL»WA<;»wAriR,'- 
WR T TF I lCR* PORO 1 

wr ttf ( lna. poad) 
IaWRP.PT a ILK 
WR f TF (lr«. POSO ) 

wp r tf 1 1 na . pc, ac ) 

WR TTF 1 1 r.pj PC 70 ) 


WSG.WWT 

WBqTW. WTR rPf.WTBRBC.I Fw. WTE.GPRBV.G p R8V 

J A W , W A* 5 . HW f K'SK 

TSG.TAIL 

TBqTR. TTBRQS.TLF.WRun* wRS. WRDR. WRH 
G37 

Gl.Gll.GpCjGlO.GP7.GlP.Gp6.Gl b. G?. Gj ... 


writf llna.poao) tOttps 

write t ira. popO) twgwt.wgwt.wglewt.ttwt.twt.tlewt.Btpswt 


wrjtf! 1-a.Plnol 

WPJTF 1 lc**?1 n) 


LWDOK 

NGfAR.NGi .V'G?.NG3.MGFAR.MG1.MGp,MG3 


WRITF ( lca.PlPO) T APRflP 

WRTTF ( lra.P1 70) ENGPaC.ENjG.TVC.C0NTB.PRPUTL.PR8SYS.FAD 


WRITF t 1"A. P 1 4 0 1 
WR T TF ( IPS. ? ISO ) 
WRTTF ( 1 -a. PI ATI 


TABPR9 

WTA'JX 

WTaCS. ACsfN'3. ACSSYS.WTACTK. ACSMBD.WT8HS 


n^Ct-NG.PFnPcY, -IT^^TK , M0CULF 
<JR ! TF ( 1 OS. P 1 70 ) PP.vR 

*R T TF ( lea. Pi BO) E-LfC 

WRTTFdca.Piqol HYnR 

wr i tf ( i oa. PRno ) surfc 

WR I TF t 1 na. PPl o ) AVT0NQ 
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96* < 
9*9 ■ 

970 

971 
97? 

973 

974 

975 
97 * 
977 
9 7? 
979 
9*0 
9*1 
9*? 

. 9*3 

9*4 

9*5 
9* * 
9*7 
9** 
9*9 

990 

991 
99? 

993 

994 

995 
99* 
997 
99* 
999 

1000 
1001 
1 00? 

1003 

1004 

1005 
100* 
1007 
100* 

1009 

1010 
101 1 
101 ? 
101 ? 

1014 

1015 

1016 
101 7 
101 * 
ion 
10?0 
1021 
1022 

1023 

1024 

1025 

1026 
1027 
1C2S 


*19.000 WRITF<iO*i ???Q) ECl Sft 

*20.000 WRITr(lO*i?290) PPRSV - 

*21.000 WR!TF(10*#2?95) 0RRVIS 

822.000 WR ITT I lQAJ 224.01 SUNlC WT-j-ftllRYWl — 

829.000 WRTTT ( 10*i 2245) , _ 

824.000 __ WRTTr(lo*i??90J 9 DR YWT * PFPS9N j 5RESD i PLfi ADU j S I N WT * ft RF S V 

*25.000 1 #9PTPL# ACSPPfti W9PR9P,0TRAP#9L0WT#PLOADDjeLANWTiPLeADUiO!NJWT 

826.000 ?OC0 F9R'UT{ M 1 ,?4X, »8R3TTFR WrlGMT SUMMARY • > 

827.000 ?o 1 0 F9 RM aT t //t 4X , 1 WT NG GRPllP ( ARF A ■ f # F5 1 0 • 1 ) 23X » 

*28,000 j ! ( t iF9iO# 1 ) M 

*29,000 2o20 F9 R^AT ( aXj >5a5 TC STRuCTURF • # 1 *X, Fq* 0. 

*90.000 1/jqXi'TPRM B0X EXPOSE ' i 2X.F9.0i - 

*31,000 P/.9X, ’TflPtfUF *9X C A RP V » # 3X j F q . 0 j 

go?. COO 3/.9X. ’LFADING FOGE f j 7X j F 9 , 0 . 

899.000 4/ # 9X , 1 TRA 1 1. T NjG rOGF * # 6 X / F9 • 0 . 

8 94,00 0 5/ j 6X . •SfC9\ , 0aRY STRUCTURE !j! fcXjF 9* 0*. 

895*000 6/i9X* , R.L*G, PRRVISlft\S , #2X.F9»0/ 

*96. COO 7/ j 6X . ' ChNTRGI SURF aCF • i lftX, F 9 . 0 j 

8 97.000 8/.9X, 'SwFLL 1 . 1 4XiFq.0i 

*92. COO .. . 9/.9X,’DrTVf Q ! B • i 1 OX . F 9 # 0 . - - — - 

8 9 9.COO K/ » 9X* ’ HTKjGF 1 » l4X/Fq,0i 

8 40 .00 0 &/i 9X j • ATT ACM t , 1 3X1 F9 .0 j — — 

841 ,000 */>6X. ! WT\'G WrlGwT CONSTANT ' . 1 3X1F9.0) 

842, COO 2030 FORMAT ( 4X/ »Ta1L GR0UP ( ARF A* » J F5*0j f P J ?3 Xj •- 

*49 . COO 1 • ( • #F9# n. M M 

*44.000 2040 r^ATUXi 'PaSTC StRUCTURF » 1 1 F9 • Oi - - — - 

845.000 1 /.9X, 'TRPGUF 50 X * i qX , F9 i 0 . 

8 4 6.000 ?/ 1 9X # ’LfaGTNS EOGE * j 7Xi Fg 4 q a - 

847, ono 3 / , 6X , ' C avTRfll Si jRF aCF 1 i iRXi FRi 0# 

84*. COO 4/f 9X . * S^FLL » . 1 4X J F9. Oi ----- 

*49.000 5/i9X# ! DR?VF PTB ' i 10X,F9»0. 

*50.000 6/.9X, f HT\GF ' , l4XiFq.0i - — “ 

*- 1 1 COO 7/ , 9X , * A T T ACM t i 1 9Xi F9 • Ci 

852. COO */,6Xj’TatL Wf 1 GmT 09 NST ANT.! > \ 3X » F9 ■ 0 -- * 

*59,000 2n50 FOP^ A T { 4 Xi t P^OY GR 9UP 1 j 35X* t ( » > F9 • 0 j ») •) 
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3.1 Wing and Tall Torque Box Model - The wing of any aircraft consists 
of a torque box which carries the primary bending, shear, and torsion loads, 
and leading and trailing edges to form the proper airfoil contour. Each 
individual aircraft has a variety of control-surface types and sizes, provisions 
for engines, fuel systems, and landing gear » dependent on overall conf iguration* as 
well as special features , such as wing folds, fairings, stores provisions, etc. 

Of the total weight of the wing, between 45 and 75 percent consists of the 
torque box. 

An aerodynamic surface weight (AEROSURF) prediction method, based on the concept 
of a basic wing plus increments for special design features, has been developed and 
shows good correlation with existing wing and tail surfaces. The major element is 
the torque box model which consists of: 

(a) an airload model for load on exposed surf aces, and root bending moment, 
based on the method outlined in RAE transonic data Memorandum 6403 (Reference E) , 

(b) the structural arrangement is a closed , two-spar multirib box subjected 
to vertical shear and bending moments. A straight , constant-section ^body carry 
through is also computed. 

(c) cover skins are analyzed for bending load, spar webs for vertical shear 
load , and ribs for flexure-induced crushing load or cover skin stiffness. 

(d) the unit weight-to-load relationship for the cover skins and ribs is 
developed from a beam column analysis of a single-face corrugated panel. A straight 
line approximation of the calculated curves is used as suggested by Shanley, 

Reference (D) . 

(e) the loading and section areas along the span are integrated into total 
wing weight by analytical expressions. If significant geometry breaks exist, a 
tabulated multistation analysis is employed. 

(f) allowances are included for specific factors that are known but not 

easily quantified. An overall torque box contingency factor of 25 percent is developed 
from correlations to some 19 existing aircraft. These aircraft include a variety 
of fighters, transports, and bombers assuring the model is valid for a wide range 
of loading, geometry, and structural arrangements. 

AEROSURF is a significant first generation effort at prediction of a wing 
(or tail) weight with minimum turn around time and effort. It contains a realistic 
representation for the significant elements of a traditional design cycle, and with 
the correlation factors, gives accurate quantitative answers as well as correct 
trends. It is recognized that the model is not truly representative of structural 
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arrangements of typical low aspect ratio delta wings. Yet the correlation with 
existing deltas and apparent agreement with preliminary analysis of Shuttle wings 
suggests the overall weight is valid. 

The following work develops the analytical relationships used in the derivation 
of the model with a summary of the equations listed in Table 3-1. 


Exposed Surface 


Bending 
Shell y 

1 


C B k tb 


S 

ex 


TABLE 3-1 
SUMMARY EQUATIONS 

Carrythrough 


Y 2 2 


C B k tb C f b f 


Bending 


Y 

3 


Shear 


pL 


ex 



3 F A 0.8h f 



Intercept/ y = 
Min gage 


P b ex S(.8h (HM’) 2 + 
Cos' 0 2 1 


t ,8 h, (ltm 1 ) 
min f ' 


p Hep L b (2A ’ + 1) 

Shear y 7 “ ex ex v ' 


Tan-t^ cos 0 (A T + 1) 


Ribs 


Strength y = 2 P 
8 


f: 


h c 1 _ 

x x ~arr d 

1 x 


y, . p *W (2> ' + b > b f 

6 F a 0.8 h f ( A’ + 1) 

Yfi = 2 C B 0.8h f b f 
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where t = larger of 
rx 


TABLE 3-1 

SUMMARY EQUATIONS (Continued) 


C B h x 
(.10) (144) 
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67.5 M 
x 

t 2 E C a~i 

X 


where N is the flexure induced crushing load on the rib. 
mx 


JOINTS 


Y 10 = + Y 3 + T 5 + Y ? + Y g ) -10 


Y U “ <Y 2 + Y 4 + Y 6 + Y 9 ) -10 


STANDARD GAGE 


Y 12 = * 14 S exp k tb 


'13 


= .14 S k 


ct tb 


MODEL 
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Total Torque Box 
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Symbols used in the equations 

- rib spacing 

AR - aspect ratio 

b - span 

C - chord length 

- intercept of bending shell 

Cg - intercept of shear allow- 

able curve 

E - modulus 

f - stress 

F - allowable stress 

F a - artificial allowable stress 

h - depth 

^tb ~ % of chord torque box 

- correction factor to airload 
distribution 

~ integration factor for plan- 
form and thickness taper 

L “ surface load 

£ ” length 

M - moment 

m ” thickness ratio 

- normal load factor times 
factor of safety 

P - load (lb) 

- unit axial loading (lb/in) 

- unit normal loading 

t - equivalent or "smeared" 

skin thickness 

t - skin thickness 

w - unit weight 

W - weight 

p - density 

n - fraction of span, exposed 

semispan 

S - Area 


rj - c.p. location as fraction of 
length 

JSF - joints, splices, fasteners 

A - planform taper ratio 

A - sweep angle 

0 - sweep angle of structural axis 

(normally 0.50 c) 

t - allowable shear stress 
Superscripts 

- reference to exposed surface 
Subscripts 

te - trailing edge 

£e - leading edge 

f - fuselage intersection 

t - tip 

o - centerline 

ex - exposed surface 

x - arbitrary station 

r - r ib 

c - over 
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3.1.1 Basic Analysis Model - The basic analysis model for the torque box 
is a simple bending beam. 


r 

/ 

/ 

,44 \ 4 4 4 4 

/ 

* 

A P 

/ 

h 

dx I*- x-w 


/-w £ 

/ 



The weight of the beam is the sum of the section weight ( P A x dx ) 

1 

w = P A X dx 


O 

Assuming both caps are equal, and applied stress is equal to allowable stress, the 
cross sectional area of the beam at x is: 


A 

x 



2 M 
x 

f h 


2 

A p x 
f h 


The total beam weight can then be obtained by tabular setup and summation, 
the multistation analysis method proposed by Kirkpatrick of Boeing in 1952 
(Reference F) . For surfaces with no discontinuities , the summations are per- 
formed analytically since they are quickly solved and lend themselves to use in 
parametric studies. The beam weight equation is: 



= 1 P Apt J 
3 f h 

letting A pH equal the total load (L) , 


W = P u 2 
3f h 
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The development of the weight equation for a wing follows the same steps as 
that of the simple beam. 

o from the load model, calculate the shear and bending material at a section 
o determine the unit cap or web loading 

o from the structural model determine the allowable and calculate the section 

area 

o integrate the section areas over the span to obtain total weight 
o add factors for unanalyzed material and correlate to existing vehicles 
o develop expressions for a geometric break at the wing-fuselage attachment. 
3.1.2 Airload Distribution - 

Spanwise c.p. - The variation in spanwise location of the center of 
pressure with planform taper ratio (A ), sweepback angle (A ), and aspect ratio 
(AR) , is derived from the method of RAE Transonic Data Memorandum 6403, Reference 
(E) .which is based on Multhopp's subsonic lifting surface theory. Planforms with 
curved leading edges and arbitrary trailing edges can be estimated by data pre- 
sented in Reference (E). Figure 3.1-1 presents the spanwise c.p.Cn’) of surfaces 
with straight leading and trailing edges as a function of X, A, and AR. 

A single equation can be written for n" in terms of A , X , and AR. The 

te 

equation is generally accurate to within one percent. This empirical equation was 
derived knowing the partial derivatives of the variables with-respect to n~ . 


0 = ^0.04 + AR (0.0049 + 0.000045 ( A )J A 

-0.05 (X - 0.4) 2 + 0.41(1. + .000333 A ) -f 60 ~ — 

0 ^ * 1 O AA A 


le 


/60 - fce \ 
\ 3000 / 


Surfac e Load - The wing in conventional airplane mode flight must have 
a lift equal to the aircraft weight times its load factor plus the balancing tail 
load, normally a down load. 


The wing weight provides an inertia relief load .reducing the bending moments 
on the wing. An inertia relief factor is introduced since the load distribution 
and the wing weight distribution are not identical. Using the basic beam analysis 
model with a uniform load distribution and a triangular bending material weight 
distribution, an inertia relief integration factor of 1/2 is obtained for the wing 
weight. 
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The wing load is therefore: 

L = (W - 1/2 W ) N + L„ 
w g w Z - H 

Tail, gust, or ascent loads on the wing are input. If ascent loads 
are critical, as may be the case for Shuttle, the surface load may be input 
in one of three ways : 

(1) the total wing load, as calculated outside the program, may be input in 

place of (W N + L r ) . 

g z - H' 

(2) an equivalent pressure over the wing (A pSw) may be input in place 

of (W N + L 

g z - H) 

(3) an equivalent load factor (N^) may be generated outside the program and 

used. 

Body Lift - The method presented applies only to wings without fuselages, 
nacelles or tip tanks. At low angles of attack, the effect of the fuselage or 
nacelle is probably not critical. Thus, body lift is calculated directly from the 
method outlined in Reference (F) . The loading at the centerline (q^) and at the 
wing/ fuselage attachment ( V f ) is calculated as follows: 


CC = FT) n + G ( ) + H ( ) 


cc„ 


where 


i?) i/T ^- 2 

G ( T) ) = (AR Tan A te) 




/r; 


F (17 n) = (3.395 - 5 V) V 1 - V" + (20 V - 8.488) V ~ V 1 - V 

-0.01484 (1 - 6.666 V + 7.316 V 2 ) V 1 ~V 

H ( V) = (AR - 4) (1 + 3.5 Tan A te) 3.003 (1 - 14.5 V 2 + 211? ^) \fl 

Note if AR < 4,H ( 1 7) = 0 


- V 


The load carried on the body is calculated as the average loading times body span. 

- ^•P* — — J-. Exposed Surface Lift - The body lift c.p. is calculated assuming 
a straight line variation between lift at and Knowing the c.p. of the total 

lift, the c.p. of the exposed surface lift (rj ) can be calculated. Solving and 
referencing to the exposed span. 


V 


ex 


Lr? - L f f) f 


L 

ex 



b 


b 

ex 
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The bending moment at the wing fuselage attachment is: 

M = L rj b 

ex 'ex ex 

2 2 

Load Distribution on Exposed Surface - The calculation of loading across 

the exposed span by the method of Reference (E) does not lend itself to simple 

equations. Sufficient accuracy for preliminary estimates is obtained by a uniform 

distribution times a factor (k ) that produces the same root bending moment as 

£cp 

calculated above. The c.p. of the uniform distribution airload is: 

T, = 1 ( 2 X.'+ l\ 
un 3 \~^TT) 

where A’ is the planform taper ratio of the exposed surface - C^/C^ 

The load distribution factor, k„ is simply 

£cp r y 


"£cp 


= V 


ex 


F un 


The bending moment across the exposed span is derived as follows : 



ex 


, A L 2 L 

where: Ap = ex = ex 


S b C- (1 + *' ) 

ex ex f 


The moment along the span is: 


M =k A P ( C f X + 
X *cp 


( C £ + i f C f - C t) 


3 b 


ex/2 


= k 2 L 
JU- ex 


-cp 


, C f X> x 2 + C f (1 -X') x 3 

b ex C £ a \ 2 3b ex 
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expressing the distance along the span as a fraction: 


n = x 

b /o 
ex/2 

where H = 0 at the tip 

h = 1 at the wing fuselage attachment 

M = k ^ex ^ex 1 ( 

1 C P 2 2 3 j 

The moment at the root is: 

L b ( 

w ex ex 1 

M * k l — — 3 V 

cp 

Sweepback and Carrythrough - A swept surface is evaluated in the same 

manner as a straight wing except, that structural span replaces aerodynamic span 

in the calculation of bending moment and the integration is performed along the 

structural span. Unless known, use the 0,50 chord line(e) as the structural 

axis. The structural span is b Cos 0 . 

ex/2 

The carrythrough is assumed to be a straight, constant-thickness section 
through the body. The vertical shear is reacted at the wing fuselage attachment, 
thus, the carrythrough bending moment is constant and is based on aerodynamic span. 
3.1.3 Section Bending Loads 

Surface Thickness - The thickness along a span with a straight taper is: 


3A'n 2 +(!-*’) n 3 
1 + A • 


2A ' + l \ 
A ' + l) 


h = hf 

X 


where : 


ex/ , 


m T - h /hf 


m* ex + (1 - m 1 ) x 


hf = _r /mb + (1 - m) b^ 


Effective Thickness - The analysis model assumes all bending loads are 

carried in the cover skins. The wing structure is considered a two flange beam 

with the centroids of the flanges separated by the distance, h . 

e 
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REPRESENTATION OF WING BY EQUIVALENT TWO FLANGE BEAM 

The ratio between the effective depth (h ) and the maximum depth (h) is k . 

e 

Shanley has investigated the effective depth factor variation with length and 
location of the box, and the thickness of the flange material for several airfoils 
(Reference (D)). 




1 

N 

Hi 

r 

1CA 66-21 
\CA 66-21 

8 

2 

m ! 


Hi 

\CA 66-2! 
\CA 23012 

IT 



HI 














0.10 0.12 


0.02 


0.04 0.06 


0.08 


0.10 0.12 


t/h MAX ^ MAX 

A nominal k value of 0.8 is used. This should be reevaluated for any new 
e 

class of surfaces being examined and modified as required. 

Cap Loads - The cap load (P ) at any section is obtained by dividing the 

moment (M ) by the thickness (h^) . 

D M 
P x 

X — ; — 


i L b 

= k ex ex 
£cp" 


2 2 cose 


U t 2> V+V n3 } 


hf [m' + (1 - m' ) n ] 


At the wing-fuselage intersection, 
k 


P f = 


ilcp 


L b 
ex ex 


* JL ( 1 + 2 X ' 
2 cos e 3 
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5.1.4 Structural Model Bending Material 

Cover Loads - The cover skins of an aerodynamic surface are usually sub- 
jected to longitudinal compression from spanwise bending, lateral compression from 
chordwise bending, and shear from torque. A rapid and logical method of obtaining 
and interacting the failure stresses from the three loadings is not known. 

AEROSURF assumes the spanwise bending stresses are critical and the effects of 
torque and chordwise bending can be neglected in establishing the weight equations. 

Cover Skin Allowable - For the weight equations, the cover skin allowable 
stress is determined from the analysis of a single skin, open— face corrugation 
shell discussed in the appendix. This concept is chosen for ease of analysis and 
for the belief that the desired thickness-to-load relationship is reasonably 
typical for most structural configurations. 

The smeared skin thickness (t) or unit weight (w) is computed lor various unit 
loading intensities (N x ),and plotted for the specific material and temperature under 
consideration. Straight-line approximations ot the curves are developed following 
the approach of Shanley, Reference (D) . The equations have the form of: 


W 

pl44 


= t 


C B + 


N 


x 



where: Cg is the intercept value or "shell" weight, 

F a is an artificial allowable stress for the unit load, and 
N x is the load intensity in lb/in. 

Cg term has a direct relationship to column length (rib spacing for 


cover skins), as shown in Figure 3.1-2. For a typical aluminum alloy and a reference 
rib spacing of 20 inches: 


w = 0 .684 a_^ + ^ 

where w is expressed in lb/ft 2 . 56500 


x (0.10) (144) 


Note that a good fit is obtained for loadings from 1000 to 15000 lb/in 
and rib spacing from 10 to 60 in. In developing the equations, consideration 
is given to insuring that S is equal to or greater than minimum gage, and that - 
oes not exceed In correlations with existing aircraft where the particular 

alloy is not known, values of C B . 0 . 70 a, and F^ . 60,000 are used for 
aluminum, and C B - 1.05 a ± and F^ - 128,000 are nominal values for titanium. 
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2014-T6 ALUM, TEMP = 200°F F lu = 59,800 AP = 5 PSI 



p - LOAD LB/IN - 10 3 RIB SPACING - aj 

FIGURE 3.1-2 SHELL MODEL UNIT WEIGHT VS RUNNING LOAD AND RIB SPACING 
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Compression vs. Tension Cover — The beam model places the upper cover in 
compression and the lower cover in tension. It could be anticipated that the lower 
cover with the higher tension allowables would be lighter than the compression 
cover. The detail weight statements of a variety of aircraft fail to show this 
trend. In fact, the covers are similar in weight with no conaistent pattern as to 
which is the heavier. 


COMPARISON OF WING BOX COVER WEIGHTS 


FIGHTERS 

UPPER COVER 

LOWER COVER 

REFERENCE 

F-105F 

943 

839 

(d) 

A3J-1 

1,577 

1,526 

(d) 

F-5A 

216 

226 

(d) 

F-101B 

954 

1,044 

(d) 

F-104F 

258 

252 

(d) 

F-100D 

876 

854 

(d) 

F-4D 

935 

1,006 

(d) 

BOMBERS / CARGO / TRAN SPORTS 




B-47B 

4,610 

4,698 

(d) 

B-52A 

11,123 

11,251 

(d) 

B-58A 

3,038 

2,841 

(d) 

C-135A 

6,314 

5,849 

(d) 

C-133B 

6,682 

7,053 

(d) 

C-130F 

2,654 

2,441 

(d) 

BAC-747 

17,514 

21,472 


C-5A 

15,560 

17,215 



Reasons why the cover weights are similar may be: 


o fasteners and other cutouts reduce the effective area on the tension 
surface . 

o gust, inverted flight, taxi , and other loadings not considered by the 
model place compression loads in the lower surface, 
o manufacturing considerations. 

AEROSURF considers the weight of the lower "tension” cover equal to the 
upper "compression" cover. 
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3.1.5 Equations for Bending Material - 

Basic Beam Model - Section 3.1.1 shows the weight of a basic beam is: 


W = p 


•/ 


A d 
x x 


1 P L & 

3 f h 

Combined Planform and Thickness Taper - A conventional aerodynamic surface 
is tapered in both planform and thickness. The integration factor for the combined 
effect is derived as follows: 


W = 


o the moment is : 


2 P f 1 M x 
f /„ h x 


M x -Ap C f |x^i + U- X')* J 


6 £ 


o the thickness is: 


h = f [m T £+ (1 - m' )x] 
x 


solving : 


_ PL £ 2 
w " 3 f h f 




o The integration factor, k^ m , is presented in Figure 3.1-3. 
Equation Development - The structural model unit weight is: 
w = t (0.10)(144) = C + _P_ (0.10K144) 

T? 


The shell portion (Cg) is independent of load and a function only of rib 
spacing ( a ), The second term, load/allowable, is the same as the A^ term of the basic 
beam model. The t of the second term is simply 

The shell portion is a function of rib spacing. Some studies, including 
References G and H, suggest the optimum rib placement is near a ± - h x ,and 
that the total weight is relatively insensitive to rib spacing. AEROSURF uses 
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rib spacing as constant along the structural axis with spacing equal to h at 
0-2 b ex /2 anc ^ minimum spacing of 12 in. 

The carrythrough weight equation is: 



PLANFORM TAPER RATIO 

FIGURE 3.1-3 PLANFORM & THICKNESS RATIO INTEGRATION FACTOR - K 

3.1.6 Shear Material 

Structural Model - The structural model has the vertical shear carried 
by two spars. Torque is not considered, and the spars do not contribute to cover 
stability . 

Shanley (Reference D) has developed a model for shear resistant webs 
similar to that developed for the cover skins. 

A = 0.003 h 2 + S/21,500 

where : 

S = vertical shear 
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A similar expression is developed for AEROSURF , using the tension field 
analysis of Reference (IY. The allowable web shear stress (t) is expressed as 
a function of a structural index. 

t = f(ioo) y F 3 

v tu 

At low load values 9 T approaches 0.383 F . 

The stiffener area (A # to web area ratio is a function of tire index (S/h) y 

stiff 

with a range of 0.3 to 0.6, representing the most efficient stiffener/web ratio for 
typical loadings. The weight/load curves developed from Reference I for typical 
aluminum and titanium webs are shown in Figure 3.1-4. 



FIGURE 3.1-4 UNIT WEIGHT OF SHEAR WEBS 


The intercept of the shear curve does not reflect a minimum gage web. If the 
_ 2 

specific t/h = C + S/h relationship has not been developed, use : 

s X 
A A 

titanium C =0.0002, t = 0.29 F , t . = 0.02 

s A t u nun 

aluminum C =0.0005, t, = 0.29 F , t =0.03 

s A EU nun 

Loading - The area of two shear webs at a section is: 

A = 2 t . (0.8 h ) + 2 C (0.8 h ) + S /t 

x mm x s x X A 
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where: 


h = 
x 


b 

, ex 


ex/ 2 


+ (1 - m f ) 


s = Ap c [a 1 x + (1 - A t ) X /b 


ex 


Ap = 


2 L 


ex 


ex f 


C f (1 + A 1 ) 


The load distribution factor k^ is introduced to provide an artificial measure 
of the actual load distribution. 

Equation Development - Shear material equations are developed in the 

same manner as the bending material equations. 

b 

ex 


W = 2 p 


L 


2 cos 0 


A d 

X X 


o the minimum gage term is: 

p t . 0.8 h 


min 


ex i (m 1 + 1 ) 


\ cos 0 

o the shell material (shear curve intercept) term is: 


T P C (0.8h f ) ex (m r + m T + 1) 

^ cos 0 

o the shear material term is: 

p \ep L b (2 A' + 1) 

6 T A cos 0 ( A T + 1) 

The model considers only vertical shear loads. Thus, there is no shear load in 
the carrythrough. An arbitrary closure web, equal to the bending shell (C ), pro- 
vides an allowance for torque and loads not accounted for in the model. 

3.1.7 Ribs - 

Structural Model - The bending and vertical shear loads are taken in the 
cover and two spar webs of the multirib torque box. The ribs in an actual surface 
may be designed by one or more of many conditions. Reference G is used as a 
guide for the rib model. Full depth ribs are assumed. 

Two loads are considered in rib sizing: 

o flexure induced crushing load from spanwise bending curvature, and 
o stiffness to develop the column strength of the cover. 

The flexure-induced crushing load on the rib is: 

2 P 2 a. 

N ±- 

n x E t h 
c x 

X 
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The stiffness required to attain the column strength of the panel 
obtained from Reference (G) as: 


* 


rib 



t 


II 


h. 

l 


Required stiffness is : 


req 


R 


E I 
c c 


a . 3 

i 


Where C , a stiffness parameter, equals 67.5 when upper and lower panel rigidity 
R 

is equal • n 

tt E I 

P = c - £ 

CR a . 2 

1 

but 

M 

p = — — 

CR h 

x 


Thus, for stiffness to obtain column strength of the cover: 


67.5 


M 


R. 


x 


it E C a. 
r x l 


Equation Development - The rib weight equation is: 

b/, 


tt _ o i 2 cos 0 i a 

W *“ 2 p| — -i Id 

R H | t h c — x 

r x x a . 
/ox i 


where 7 = the larger of the stiffness or the load requirement. The total 

w rx 

rib weight is calculated as the average unit rib weight per inch times the span. 

The rib weight at the fuselage intersection is calculated from the derived 

7 The tip rib t is considered equal to C of the shell material, 
rx. a 
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Bending Relief - A concentrated weight will normally provide a relieving 
load to the surface. The weight increment is derived using the basic bending beam 


model . 


' ^ex/2 cos 9 







' W c 


The weight, per side, is: 


W 


rel 


r 

n 


A d 

X X 


2 W x: 
c 


X 


f hf m n £' + (!- m M ) x 


where • 


Solving : 


where : 


h = h - 
c f 


1 - 


b /0 cos 0 
ex/ 2 


m M - h /. 
c h. 


W 


W n .2 

per 


rel F .8 h^ 
A r 


k _»» 

m 


(1 - m) 


W is the weight for both sides thus W , = both surfaces 
c rel 


k „ = 2 
m 


h^r) 


m" & n m" 
(1 - m") 


The 10 percent factor for joints (JSF) is included as are the increments in the 
carrythrough and shear material. The effect on ribs and other allowances are 
considered small. The total relief term is: 

Weight = (bending exposed + bending carrythrough + shear) JSF 


W 


rel 


■ V 2 , P w c t cos 9 b f p w c 
F A ° ' 8 h f f a 0.8 h f 


1.10 
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Concentrated Moment - The weight increment for a surface including the 
added moment (fin) is determined as follows: 



4 P M c V k 

F . .8 h £ mc 


where k = In m"/( m" -1) 
mc 

The carrythrough weight increment is: 


W 


rel 


2 P M b, 
c f 

F. .8h r 


3 . 1.9 Allowances - The total wing structural weight will be different than 
the "optimum" weight defined by the prediction model. This difference is accounted 
for by two methods, (a) assessing reasonable values for known items that cannot be 
quantified by analysis, and (b) including an overall nonoptimum or contingency 
factor for the remaining weight difference, this factor being based on correlations 
to existing surfaces. 

Joints - On any built-up structure weight penalties are incurred for joints. 
Aircraft detail weight statements breakout the identifiable elements of joints, 
splices, and fasteners (JSF) . Reference (J) data and other detail weight statements 
show the following percentage of torque box weight for JSF. 


Aircraft 

Percent 

Aircraft 

Percent 

Aircraft 

Percent 

B47B 

6.3 

C-135A 

22.1 

F-104F 

5.9 

B-52A 

7.9 

C-133B 

6.8 

F-100D 

13.1 

B-58A 

8.8 

F-105F 

6.2 

F-4D 

7.9 

B-36A 

8.9 

A3J-1 

8.8 

A-3D-2 

9.3 

F-8E 

7.8 

X-15A 

6.3 

C-5A 

8.6 

C-119H 

13.4 

F-5A 

10.0 

DC-8-63 

10.1 

KC-130F 

8.9 

F-101B 

15.7 

DC-10-10 

7.3 

No logical 

trend with 

any geometry 

or loading parameters was found. 

Note that 

differences in weight grouping may be s 

ignificant and 

the values listed 

may be 

biased, to some 

degree, to 

the low side 

since elements 

not readily identifiable, 
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such as integral doublers, thicker skins or webs, "nonoptimum" load paths, overlaps, 
etc., are not normally included in the JSF grouping. Ten percent is added to the 
torque box weight for joints. 

Standard Gages - Modern aircraft use extensive machining methods, therefore, 

only a small factor is anticipated for the use of standard gages and not tapering 

all elements to absolute strength requirements. A thickness of 0.005 in. per surface 

appears reasonable for aluminum structure to account for this manufacturing problem. 

Since titanium and steel will be subjected to even more exotic machining 

? 

a unit weight of 0.14 lb/in is included for all materials. 

Simplified Model — The loading condition assumed in the analysis model considers 
only one flight condition. The multiple loadings on an actual surface, HAA, LAA, 
Landing, torque, etc. , will increase the loads derived by the analysis model on some 
or all structural elements. Bending material will be affected somewhat, shear 
webs and ribs to a greater extent. An arbitrary 10 percent in bending structure, 
and 20 percent in shear structure and ribs is included to reflect the multiple 
load conditions . 


Contingency - Correlation with contemporary aircraft data shows the prediction 
model defined a weight that is 25 percent less than actual surface weight. A 
contingency factor is added to the manual to account for this weight. Comparison of 
the contingency factor to various geometric and loading parameter failed to show 
any logical trends. Thus there is confidence that the model does reflect actual 
variations and that realistic data is obtained for designs and loadings that may 
represent significant extrapolation from the contemporary aircraft. 

The correlation data are presented graphically in Figure 3.1-5. Table 3.1-1 
presents the weight data and basic geometric data. For the correlation to aircraft 
the Leading Edge Structure and Trailing Edge Structure are estimated from the 


following empirical equations : 

leading edge WLE = 3.38/ 0,001 Wg Nz 


trailing edge WTE = 1.87( 0,QQ1 We Nz 

' SG 


These equations yield unit weights (pounds/projected areas) of 2.5 to 3.5 psf for 
leading edges, 1.5 to 2 psf for trailing edges. For materials other than aluminum, 
these structures are assumed to be lightly loaded structure and ratioed by the 
unit weight of the new material to unit weight of aluminum at a 500 pounds per inch 
loading as determined by the SHELL program. 
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FIGURE 3.1-5 AEROSURF PREDICTED WEIGHT VS ACTUAL WEIGHT 

(Wing Less Control Surfaces) 


Table 3.1-2 lists the actual and estimated weights of 19 airplane wings used 
in the correlations. Table 3.1—3 is the input file for the NR Orbite wing and 
Table 3.1-4 is the resulting output wing weight. Table 3.1-5 is a detail listing 
of the AEROSURF program. 

The following is a listing of the fortran symbols along with their correspond- 
ing units and description. 
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SYMBOL 

UNIT 

DESCRIPTION 

A I CP 

ND 

Control Surface HL Fraction of Chord 

AILP 

ND 

Control Surface Fraction of Exposed Span 
If AICP =0 

Area of Control Surface 

AR 

ND 

Aspect Ratio (Wing) 

n 

JJ 

Feet 

Span 

ECMl 

In 

Location of Concentrated Moment Input to 
Orbiter Centerline 

ECT 

Ft 

Span of Carrythrough 

ELP1 

In 

Location of Concentrated Weight Input (l) 
to Orbiter Centerline 

ELP2 

In 

Location of Concentrated Weight Input (2) 
to Orbiter Centerline 

CE 

Lb/Ft 2 

Shell Material Intercept 

CF 

Ft 

Chord at Fuselage intersection 

CLE 

ND 

Leading Edge Fraction of Chord 

cm 

Lb 

Concentrated Moment Input 

CR 

Ft 

Chord at Root 

CS 

ND 

Shear Web Material Intercept 

DELP 


Equivalent^, p of Critical Loading 
(Either WG*NZ or DELP, or both, must be 
entered for wing) 

EMQDU 

Lb/Ft 2 

Modulus of Elasticity of Torque Box Material 

ETA WNC 

ND 

CP of Surface Load 

FA 

TV - T 2 
Lb/ xn 

Artificial Allowable Covers 

FCP 

m 

Flap Chord/Wing Chord 

FG 

Lb 

Main Gear Vertical Reaction 
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SYMBOL 

UNIT 

DESCRIPTION 

FLP 

ND 

Flap hinge line length/ Exposed Span 

3LM 

Inches 

Length Main Gear 

KEAS 

Lb/Ft 2 

Unit Pressure on Elevon 

KP 

ND 

Integration factor - planform and thickness 
taper 

LAMB 

ND 

Planform Taper Ratio 

LAMP 

ND 

Planform Taper Ratio - exposed 

LE 

Lb 

Weight of Leading Edge 

LH 

Lb 

Horizontal Tail Load 

M 

ND 

Tip Thickness/Root Thickness 

MP 

PSF 

Tip Thickness/Thickness at fuselage 

NZ 

ND 

Ultimate Vertical Load Factor 

PTBXC 

% 

Area of Carrythrough/Area Buried (THEOR. ) 

PTBXE 

t 

Area of Torque Box/Area Exposed 

Q 

Lb/Ft 2 

Orbiter dynamic pressure 

RBM 

Ft Lb 

Root Bending Moment 

RHO 

Lb/ In 3 

Density Material, torque box 

3EXP 

Ft 2 

Exposed Surface Area 

SFLPLE 

Ft 2 

Area Leading Edge Flap 

SFLPTE 

Ft 2 

Area Trailing Edge Flap 

SG 

Ft 2 

Aero Ref. Wing Area 

SL 

Lb 

Exposed Surface Load 

SLRATI 

ND 

Fraction of Load on Body 

SMGDR 

Ft 2 

Area of Main Landing Gear Doors 
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SYMBOL 

UNIT 

DESCRIPTION 

SSB 

Ft 

Area Speed Brakes - Spoilers 

SSLAT 

Ft 2 

Area, Slats 

STE 

Ft 2 

Area of Trailing Edge (Calculated if 
0 . Input ) 

TAU 

LB/ In 2 

Shear Allowable 

TEMP 

°F 

Design Temperature, torque box 
(Ref. info. Not used in calc.) 

THETA 

Deg 

Sweepback Angle @ 50$ Chord 

TMIN 

In 

Minimum Thickness of Spar Webs 

TOCR 

ND 

Thickness Ratio at Root 

TOCT 

ND 

Thickness Ratio at Tip 

UFLPLE 

Lb/Ft 2 

Unit Weight, Leading Edge Flap 

UFLPTE 

Lb/Ft 2 

Unit Weight, Trailing Edge Flap 

ULE 

Lb/Ft 2 

Unit Weight of Leading Edge 

USB 

Lb/Ft 2 

Unit Weight Speed Brakes - Spoilers 

USLAT 

Lb/Ft 2 

Unit Weight of Slats 

UWAIL 

Lb/Ft 2 

Unit Weight, control surface shell 
If AICP = 0 

Unit Weight of Control Surface 

UWW 

Lb/Ft 2 

Unit Wing Weight 

WAILDR 

Lb 

Weight Aileron Drive Rib 

WAILH 

Lb 

Weight Aileron Hinges 

WAILS 

Lb 

Weight Aileron Shell 

WBREL 

Lb 

Weight Bending Relief 

wci 

Lb 

Concentrated Weight Input (2) 

WC2 

Lb 

Concentrated Weight Input (2) 

WLE 

Ft 2 

Wetted Area of Leading Edge 

WSWPKR 

Lb 

Weight Sweepback Kick Rib 
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1000 
2000 
3000 
400 0 
5000 
6000 
7000 
8000 
9000 
95 00 
10000 
11000 


TABLE 3.1-3 
WING INPUT 

nrshuttle 

AR=2. 1 9,BCT=1 7.5 ,LAMB= .21 , TflCR = . 09 , T0CT = . 1 2 , WLE= 4RA . 
SG=3220. ,THETA=10.,PTBXC=.43 ,PTBXE= .594 , CLE = . 1 00 , STF= 0 , 
WG = 21 5000. , NZ=3.75,LH=0.,UWW=0.,BLP1 =0. ,WC1 =0.,BLP2=0. , 
WC2 - 0 . ,BCW1=0. ,CM1 = 0. , P ELP=296. , KEAS= . 68 
RHP!= . 1 0 , CR=.67,CS= .0005 , FA = 643 94. , EMOPU= 10 .E+6, 
TAII=2?320.,TMIN=.03,TFMP = 70., 

AILP=1 ,0,UWAIL=1 ,75 t AICP=.306 f FLP=0.,FCP=0.,SFLPTE=0 #t 

UFLPTE=0.,SFLPLF=0.,UFLPLE=0.,SSB=0.,USB=0.,SSLAT=0. 

ULE=1 .60,USLAT=0. 

FG=235000.,GLM=95.,P=650.,SMGPR=190., 

* 

TABLE 3.1-4 
WING WEIGHT 


ASPECT RATI 2 = 2.2 

EXPOSES AREA 

= 2202. FT 2 

AREA, GROSS = 3220. 

FT 2 GROSS WEIGHT 

= 215000. LB 

TAPER RATIO = .2100 

LOAP FACTOR 

- 3.750 

REST T/C : .0900 

PRESSURE 

= 296.000 PSF 

TIP T/C = .1200 

BOPY SPAN 

= 17.5 FT 

SPAM = 84.0 

FT SWEEP ANGLE 

=10.0000 PEG 

SURFACE LOAD = 651837.9 

LB MATERIAL 

= NRSHUTTLE 

P0 n T B.M. - 4515091 .FT 

-LB TEMPERATURE 

= 70. PEG . F 

ELEMENT 

EXPOSES 

CARRY-THRU 

HEMP IMG 

SMELL 

1 753 . 

586. 

HEMP I MG 

J 020 . 

748. 

KICK RIB 

4 A . 


BEND REL 

0. 


SMEAR 

SHELL 

228. 

91 . 

SMEAR 

AP5. 


RIBS 

2243. 

1 074. 

J TINTS 

6 73. 

250. 

ST P. GAGE 

1 83. 

61 . 

MRP EL 

648. 

290. 

SUBTOTAL 

71 78. 

3101 . 

NON- OPT. 

1 79 4. 

775. 

SUBTOTAL 

8972. 

3876. 

TOTAL TORQUE BOX 

1 2848 


LEAPING EPGE 

774 


MAIN GEAR PROV 

1202 


SURE CONT PROV 

spp 


FLAPS 

0 


AILERONS 

2352 


TRAILING EPG r 

-0 



TOTAL WriG 


1 7764 . 
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TABLE 3.1-5 
AEROSURF LISTING 


#LIST A ER 9FE3 1 0 
A EBP FEB 1 0 22:02 FEB 27, '73 


lOOOBFIXEn 
2000 
3000 
4000 
5000 
600 0 
700 0 
EC 0 0 
3100 
3200 
9000 
10000 
11000 
12000 
13000 
14000 
15000 
16000 
16100 
15200 
17000*10 
18000 
19000 
20000 
21 000 


DIMENSION A ( 3) 

BEAL LAMB, LH, M, K , NZ, LE, KEAS, LAMBP , MP , KP , KMPP , KMC , MPP 
COMMON AR, SG , LAMB, T9CR , TPCT,BCT , THETA , WG , NZ, HELP ,LH 
1 , PTBXC, PTBXE, CB ,RHP , FA , CS, TAII , TEMP , UWW, B, SEXP , SL, RBM 
1 ,EMOrHJ, WSWPKP, WBREL, WC1 ,WC2,CM1 ,RLP1 ,BLP2 BCM1 
2 , WLE, ULE, CSR, TMI N , G (30) 

C CMflON/RWR W/FLP , FGP , KEAS , A ILP , AICP , IJ WA IL , CLE 

1 , FG , GLM, Q, SMGDR, GPRPV, STE, CSPRPV 

2 , SFLPTE, UFLPTE, SFLPLE, IJFLPLE, SSLAT,USLAT , SSR , 1JBR 
CfMMEN/RWRHT/ELSC, ELCC,UEL,UES,ELB 

COMM'*M/RWPVT/Rr>C,Rlir)'IL,IIRB 

NAMELIST 

1 AR , SC , LA MB , T OCR , T OCT , BCT , THETA , WG , NZ , HELP , LH , PTRXC 
2 , PTBXE, CB,RHO, FA, CS, TAD , TEMP, UWW, CSR, TMIN 
3 , IJLE, FLP, FCP, KEAS, AILP, AICP ,!IWAIL,CLE 
4, ELSC, ELCC,!1EL,!IES, ELR, RBS, RIIDUL, HRS, WLE. RDC 
5 , EM FBI! , WC 1 , WC2 , C M 1 ,BLP1 ,BLP2,BCM1 
6 , FG , GLM, 9, SWGPP, STE 

7, SFLPTE, IIFLPTF,SFLPLE, HFLPLE, SSLAT .IJSLAT . SSB USB 
WRITE (10*, 900) 

READ (105,901 ENP=9999) J 
IF (J.EC.O) G' 1? 9999 
REAP (.J, ^9^) CACI) ,1 = 1 .3) 

GF "* •“* " 


22 00 0 *20 

IMPUTd ) 

23000 

CALL WINO(.l) 

24000 

~ j 8 f 0 

2500C 30 

I MR HI (2 ) 

2600 0 

CALL HTAIL(J) 

27000 

GF T 60 

28000 40 

INPUT (3) 

29000 

CALL VTAIL(.I) 

30000 

G8 T n 70 

31 000*50 

WRITE ( 1 0 c , 9 0 2 ) 

32000 

n~ T~ *0 

33000 *50 

WRITE (108.903) 

34Q CO 

■V T ^ 80 

35 00 0*70 

WRITE (109.904) 

360 00 *80 

"RITE (109,905) 

37000 

WRITE (109,906) 

3800 0 

WRITE (109,907) 

39000 

WRITE (109,909) 

40000 

WRITE (108,909) 

41000 

'WRITE (108,910) 
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a?, o o o 

43C0 0 

£5 no o 

£0000 

£7000 

£7000 

£0000 

00000 

01 000 
r ~ n p n 

‘L-. i > V ' 

030 00 
0£000 
00000 
ogooo 

070 00 

oro c o 

07100 
570 CO 

59 000 
GOO 00 
61 00 0 
67. COO 
63000 
64000 

60 0 0 0 
t,o 0 0 c 
6700 0 
67000 
6000 0 
7000 0 

71 000 

72 00 0 
73000 
74000 

70 00 0 
7600 0 
770 00 
7200 0 
79000 
70000 

71 000 
7,20 00 
830 00 
84000 
85000 
76000 

C .0. 

8700 0 

780 OC *^0* 

* 

^70 00 


^100 


*110 


899 

*900 


*^01 

*802 

*903 

*904 

*905 


UR I T E ( 1 0 8 , 9 1 1) PL, A 
WRITE (108,912) RRM, TEMP 
WRITE (108,913) G(1),G(2) 

WRITE (108,914) G(3),G(4) 

WRITE (108,950) WSWPKR 
WRITE (108,960) WBR EL 
WRITE (108,915) G(5),G(6) 

WRITE (108,916) G(7) 

WRITE (108,917) 0(8) ,G(9) 

WRITE (108,918) GC10),GC115 
WRITE (108,919) G(12),G(13) 

WRITE (108,920) G(14),G(15) 

WRITE (108,921) G(16),G(17) 

WRITE (108,922) G(18),G(19) 

WRITE (108,923) G(20),G(21) 

WRITE (108,924) G(22) 

WRITE (108,925) G(23) 

WRITE (108,965) GPRPV 
WRITE (108,970) CSPR0V 
G7 TO (90,100,1 10) , J 
WRITE (108,926) G(24) 

WRITE (108,927) G(25) 

WRITE (108,928) G(26) 

WRITE (108,929) G(27) 

GO TO 20 

WRITE (108,930) G(24) 

WRITE (108,931) G(25) 

WRITE (108,932) G(26) 

WRITE (1 08,933) G(2.7) 

WRITE (108,934) G(28) 

n n t ^ 30 

WRITE (108,935) G(24) 

WRITE (108,936) G(25) 

WRITE (108,937) G(26) 

WRITE (108,938) G (27) 

WRITE (108,939) G(28) 

GO T 7 40 
F n H T ( 3 ) 

FORMATdHl 10X ,'WHAT DO YOU WISH T0 RUM? /10X 
1 '(Or STOP 1 r W I M G 2=H0RI7flN. TAIL, 3rV/ERT . TAIL) /I OX 
2* 'THE INPUT FILE MUST RE ASSIGNED TP THE NUMBER YOU PUT IW 
3/1 OX,’ '(EX. WING - E: 1 r NAME, IN) ') 

FOR MAT( 1 1 ) 

FOR MAT ( 1 HI ,30X, WING WEIGHT /) 

F OR MA T ( 1 H 1 , 2 5 X , 'll PR 1 7 0 NT A L TAIL WEIGHT /) 

FORMATd HI ,26X. 'VERTICAL TAIL WEIGHT /) # 

FORMAT ( 1 HO , 5X , '’ASPECT RATIO r r 10.1 f 10X, EXPOSED AREA = FI 


A ' FT 2 ) 

FORMAT ( 1 H , 5X , 'AREA , GROSS 


r'FlO.O,' FT2 '5X, 'GROSS WEIGHT 


3 F10.0, 


LB ) 
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50C CO *507 
3) 

'■1 000*508 
3 5 X 

oo oo 6 

53000 *°09 

• 1 * 

04000 
55000*510 
F7.4, 
951000 
97000*51 1 
580 00 
99000 *512 


F0RMATC 1 H ,5X, TAPER RATI 2 
FERMATC1H , 5 X, 'REET T/C 


,5X, TIP T/C 


= 'F7.4.13X, 'LEAD FACTER = F7. 

= 'F7.4.I3X, 'PRESSURE = 'F7. 

= 'F7.4, 13X, 'BEDY SPAN = 'FI 0 


n 


PSF ) 

FERMATC 1 H 

' FT ') 

FERMATC 1 M ,5X, 'SPAN 'lOX, '= 'F10.1 , ' FT '5X, 'SWEEP ANGLE 


5 X , DEG ) 


FERMAT ( 1 H 
1 6X, '= ' 3A4) 


,5X, 


100000 

2 

'TEMPERATURE 

101000*913 


FERMATC 1 HO 

.sx. ' 

102000 

A 

BENDING /I OX. ' 

103000*914 


FERMATC 1 H 

, 9X, 

104000*915 


FERMAT ( 1 H 

, 6X , 

105000*916 


FERMAT C 1 H 

, Q, <, 

10 6000 *51 7 


FERMATC i H 

, 6X, 

107000*91 8 


FERMAT C 1 H 

. 6X, 

1 08000 *91 9 


FERMAT ( 1 H 

, 6X , 

109000 *920 


FERMAT C 1 H 

, 

11 0000*521 


FERMAT 

Cl H 

, sx. 

1 1 1 0 00 *^22 


FERMAT C 1 H 

, 10X, 

1 12000*923 


FERMAT C 1 H 

, FX, 

113000*924 


FERMAT C 1 H 

, 12X 

11 4000*525 


FERMAT 

Cl H 

, 12X 

11 5000*926 


FERMAT 

cm 

, 12X 

1 1 6000 *927 


FERMAT 

Cl H 

, 12X 

1 1 700 0 * Q 2 8 


FERMAT 

cm 

, 12X, 

118000*929 


FERMAT 

Cl H 

,12X, 

11900.0*930 


FERMAT 

Cl H 

, 1 2 X , 

120000*531 


FERMAT 

cm 

, 1 5X , 

121000*932 


FERMAT 

cm 

,15X, 

122000*533 


FORMAT 

cm 

,15X ( 

123000*934 


FERMAT 

cm 

,12X, 


'SURFACE LEAD = 'F10.1 ,3X, 'LB '5X, 'MATERIAL 

ET B.M. '5X, '= 'F10.0, 'FT-LB '5X 
= ' F7.0.3X, 'PEG. F '/) 

ELEMENT ' 20X, 'FXPESFD 'l3X, 'CARRY-THRU '//’ 
SHELL 'l6X, P 10.0, 12X.FJ 0.0) 

'RENDING 'l 4X.F10.0 12X.FI0.0) 

'SHEAR '/l OX, 'SHELL 16X.F10.0, 12X.F10.0) 
'SHEAR' 1 6X, FI 0.0, 12X, FI 0.0) 

'RIPS' 20X.F10.0, 12X.F10.0) 

'JEIMTS 'lPX,F10.0 t 12X,F10.0) 

'STD.GAGE 'l GX.F10.0, 12X.F10.0) 

'MODEL ' 1 9X, r 10.0, 12X.F10.0) 

'SUBTOTAL' 1 4X, Fin. 0,1 2X, FI 0.0/) 


SUBTOTAL 1 a x . 


FI0.0,12X, r 10.0/) 
t nx ' i f»x,Fi i .0) 


124000*935 
125 000 *536 
126000*^37 
127000*938 
128000 *93 9 
125000*950 
130000 *960 
130500 965 
130700 970 
131 000*9996 
132000 *9957 
133000 *^958 
134000 *5559 
135000 


HI NGE .24X.F1 1 .0) 


FERMATC 1 H , 1 2X, RUDDER /16X, SHELL .24X.F11.0) 
FERMATC1H ,15X, 'DRIVE RIB ',20X, FI 1 .0) 

FORMAT C 1 H ,1 5X, 'HINGE',24X,F1 1 .0) 

FORMAT ( 1 H , 1 5X , 'ATTACH ',23X, FI 1.0/) 

FERMAT ( 1 H ,12X, 'T n TAL VERTICAL TA I L ', 1 3X , FI 1 .0 ) 
FORMAT Cl H ,9X, 'KICK RIB ', 13X.F10.0) 

FDR MAT C 1 M ,9X, 'BEND REL ', 1 3X , FI 0 .0 ) 

FERMAT C1H.12X, 'MAIN GFAR PREV', 1 8X.F1 1 ,0) 

FORMAT (1 H, 12X, 'SURF CD NT PREV ', 1 8X, FI 1 .0 ) 

Gf T9 10 
STEP 2222 
STEP 3333 
S T op 0000 
END 
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AEROSURF LISTING (Continued) 


136000 
137000 
13900C 
139000 
140000 
141000 
142000 
142500 
1 42 500 
143000 
144000 
145000 
145100 
145200 
145300 
145400 
145500 
145600 

i /. r r r 
1 MO \ M V 

147000 
1471 00 
14 JO 00 
1 49000 
149100 
149205 
1 4Q? 06 
149400 
149410 
149412. 
14941 4 
14941 o 
149 420 
149430 
149440 
149450 
149460 
143470 
1 49490 
149420 
149530 


BURRHUTI ME WIMOCJ) 

REAL LA MB , LH # M, K , NZ , LF , KFAB , LA MRP , MP , KP , K MPP , KMC , MPP 
C3MMCM AR, HR, LAMB, TflCR , TACT ,BCT , THETA, WR.NZ, HELP t LH 
1 PTBXC,PTBXF,CB, RHfl, FA , CB, TA II, TEMP , WWW t B , BFXP , BL , RBM 

1 , EMfllMI.WSWPKR, WBRFL.WCl ,VC2,CMI ,BLP1 ,RLP2,BCMl 

2 ,'..'LF,ULF,CBR, TMIN, GC22) , LE, WFLAP , WAIL, WTF, WWT 
C"MrrN/RWRW/FLP f FCP.KEAS, AILP , A ICP , UWAIL, OLE 

1 . FO , CLM , Q , SMC5DR , fiPRR'J, STE ,CBPR?V 

2 \ BFLPTF, UFLPTF, BFLPLF, UFLPLF, BBLAT, tlSLAT , SSB, l IBB 
CALL TRCB2XCJ) 

BBC=3CT/R 

CR=C2.*Bfi)/(B*(l ,+LAMR)) 

TR:CR*T2CR 

CT-CR^LAMB 

T T - p T*T T 

if’clamb.’fo.o.) tt =t cct 
'i=TT/TR 

TF-TR*(1 ,+CM-l .)*BCT/B) 

3 F=R- BCT 
BTRE=PTRXF*SFXP 
OUTPUT ( 1 OP) BTRH 
CF:CP*(1 .-BBC*< 1 .-LAMB) ) 

CR0F=CR/CF 

IF (AICP.EC.O.) C2 TR 39 
BA I LI 9 AILP*3E*AICP*CF 

BAIL: BA I LI /2.*(2.- (1 .-LAMB)*CRCF*( 1 .-BBC)* (2 ,*FLP+AILP ) ) 
CFAIL= BAIL/C AILP*BF) 

A I LH Mr BA IL*1 44 ,*KEAB* 1 2 .*CMA IL*.5* .00 1 

CX-CMAIL/AICP 

BXr (CX- CT)*BF/( CF-CT) 

TX=TT+(TF-TT)*BX/BF 

HLTR=(2.*TX/3.)*12. 

V/ABr !I'.'AIL*BA IL 

MAHPr ( CHA I L* (A ILHM/HLTR) ** . 75) *2 . 

•'AH: ( ,40*AILP*BE*AILHM**.2)*2. 

LA I L9 W A B+ WA DR+WA H 
OR T9 41 
BAIL- AILP 
~'ITP!IT C 1 OP) BAIL 
UAIL=HWAIL*SAIL 


149600 41 

C n 'lTI\UIE 

150000 

l!FLPTF=BFLPTF*l!FLPTF 

150100 

"'ITPUK 1 0B) BFLPTE 

150500 

VFLPLF=BFLPLE*IJFLPLE 

150600 

BFLAPrBFLPTF+BFLPLF+BBLAT+BBB 

15070C 

fllTPUTC 1 OR) BFLPLF 

151000 

’,/ BLAT=BBLAT*USLAT 

l r 'l 100 

BMTPIITC 1 03) BBLAT 

151500 

VBB: BBB*l)B3 

151 600 

OUTPUT ( 1 OR) BBR 
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AEROSURF LISTING (Continued) 


152000 
152500 
153000 
153500 
l^OOC 
1^4500 
1 5 5 0 0 C 
15500 0 
156100 
157000 
157500 
157500 
15^200 
15 "500 
150000 
15 5100 
120200 
151000 
152000 
153000 
122000 
1 25000 
155000 
127000 
152000 
152000 
170000 
171000 
172000 
173000 
174000 
175000 
172000 
177000 
17^000 
175000 
120000 
121000 
122000 
12,3 000 
124000 
125 000 
1 26000 
127000 
12,20 00 
120000 
190000 
191000 
192000 
193000 
194000 


U F L A P r ’ 1 F LP T F+ ' 9 F L P L E+ WS L A T+ WS 3 

PI = .25*WAIL 

P2 - 1 . 1 *WFLPTE**.8 

P3=.55*WFLPLE**.8 

P Z: r . 2 0 * WS L A T ** . 7 

P5=2.5*SSB 

GSPR P'7-P 1 +P2+P3+P4+P5 
SLF=CLF*SFXP 
OUTPUT (10?) SLE 
LF=WLF* ULF 

TICs CG3+(500./FA)*RHP*144.>/<.7+(500./61000)*.l*144.) 

OUTPUT C I OR) TK 

IF (ULF.EQ.O.) LE=3 ,38*( .00 1 *WG*NZ/SG)**.3*SLE*TK 
GPROV= . 43*0**. 3*SMGDR+.077*(FG*GLM*. 001 >**.90 
IFCSTF.LT. 1 .) STE=SEXP-STB E-SFLAP-SAIL-SLE 
OUTPUT ( 1 OR) STF 

WTFrl .87*STE*C.001*WG*NZ/SG)**.2*TK 

IFCWG.EQ.O..OR.NZ.EQ.O.) WTE= 1 .87*STE* C .00 1 *DELP >** .2*TK 

WUT= G C 22 ) +LE+GPR flV+C SP R 0 V+ WFLA P+WA I L+ WT E 

RETURN’ 

END 

SUBROUTINE HTAILCJ) 

REAL LAMB , LH , M , K , NZ , LE , LAMBP , MP , KP , KMPP # KMC , MPP 
COMMON AR, SG, LA MB, TOCR , TOCT.BCT, THETA, WG,NZ, HELP, LH 
1 ,PTBXC,PT9XE,CB,RHt\FA,CS,TAU,TEMP,UWW,3,SEXP,SL,RBM 
1 t EMDnil,WSWPKR, WBREL,WC1 .WC2.CM1 f BLP1 ,BLP2,BCM1 
2 , WLE t U LE , CSR , T MI N , G C 22 ) „ LE , WES , WEDR , WEH „ WEP , TA I L 
CBMMON/RWRHT/ELSC, ELCC , IJEL , UES , ELB 
CALL TRCBOXC J) 

C0ST = C0S(TKETA/5 7.2958) 

BErB-BCT 
SEL= ELSC*SG 
CME=SEL/(B*<1 .-ELB) ) 

HLTE=12.*CME*(T?CR+T0CT)/2. 

HLLE=3*(1 . - ELB ) /COST 

EHM=SEL*1 4 4 . *U FL*1 2 . *C ME* . 5* .00 1 

LE = WLE*I!LE 

WES=UES*SEL 

WEDR: . 46* C ME* (EHM/HLTF) ** . 75 
WEH- . 40*HLLE*EHM**.2 
WEP= ,25*( WFS+WEPR+WEH) 

TAIl.rGC 22 )+LE+WES+WEDR+ WEH+WEP 

RETURN 

END 

SUBROUTINE VTAILCJ) 

REAL LA MB, LH, M, K t NZ , LE, LA MBP , MP , KP 

COMMON AR,SG,LAMR,TOCR f TOCT,BCT, THETA, WG, NZ, HELP, LH 
1 , PT3XC f PTBXH , CB, RHC, FA , CS t TAIJ , TEMP , UWW t B t SEXP , SL , RBM 
1 , EMfPU , WSWPKR, W3RFL, WC 1 , WC2.CM1 ,BLP1 ,BLP2,BCM1 
2 , WLE f I ILF , CSR , T MI N , G (2? ) , LE , WPS , WRPR , WRH , WRP , TA I L 
COMMON/RWR VT/RDC , RUPIIL ,URS 
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195000 

196000 

197000 

15-000 

159000 

200000 

201000 

2C2000 

203000 

204000 

205000 

206000 

207000 

20 GO G O 
205000 
21 COOO 
21 1 000 
212000 
213000 
21 4000 
21 5000 
216000 
21 7000 

21 ^000 
219000 
220000 
221000 
222000 
223000 
224000 

oo cniif) 

226000 

22 700 0 
222000 
225000 
230000 
231000 
232000 
233000 
234000 
235000 
236000 

) ) 

23 7000 
23 c 000 
239000 
240000 
241000 
241 100 
2' 30 CO 
243100 
244000 
245000 
246000 


TABLE 3.1-5 

AEROSURF LISTING (Continued) 

CALL TROBF'X(J) 

C BST: COS (THETA /5 7. 2958) 

CR: (2.*SG)/(3*(1 ,+LAMB) ) 

CT:CR*LAMB 

i A - 1 * wm 

TT:CT*T0CT 

BErB-BCT 

CMRrRDC* ( CR+CT) /2 . 

SRIIPrRDOSG 

RHM:SRtin*l 44.*RUT)IIL*12.*CMR*.5*.001 
KLTR: 12.*(TR+TT)/2. 

HLLRrBE/CnST 

URS:[inS*SRIIT> 

UR OR = . 4 6*C MR* ( RH M/HLTR) ** . 75 
UR Hr . 40*HLLR*RHM**.2 
UR P r . 2 5 * ( VR S+VJR DR+WRH) 

LEr!ILE*WLE 

T A I L=G ( 22 ) +WRS+WRDR+ WR H+ P+LE 
RETI’R'l 


E‘!0 

GUBROUTI ME TRPBPX(J) 

REAL LAMB , LH, M, K, N7. , LAMRP , MP f KP , KMPP , KMC , MPP 

ror'H AR SC LAMB.TOCR, T0CT # BCT,THETA f WG f NZ,DELP,LH 
RTRXC PTBXE CB , RIO , FA , CS, TAU, TEMP ,UWW,B , SEXP , SL , RBM 

’ EM PDU ’ ws UP KR , V3 R EL , WC 1 t WC2,CMl ,3LP1 ,3LP2,BCM1 
1 1 VLE, IJLE, CSR t TMI N , G (22 ) 

COST: CCS (THETA /5 7.2 95 8) 

B= (AP*SG)**.5 

CRr (2.*SC)/(B*( 1 ,+LAMB) ) 


CTr CR*LAM3 

CF:CR*(1 . - ( 1 .-LA MB) *BCT/B) 
TRr T^CR* 1 2.*CR 
TTrT SCT*1 2 .*CT 
1 F( LA MB . EC . 0 . ) TTrTOCT 


MrTT/TR 

TFrTR* ( 1 .+ 01-1 ,)*BCT/B) 

MPrTT/TF 

RBSPC=TF*(.8+0.2*MP) 

TF( RBSPC.LT. 12.) RBSPCr 12. 

IF (MP.CT..99) MP : . 9S 
LAMBPrLAMB/( 1 . - ( 1 . -LAMB) *BCT/B) 

KP r 3 . *LA MRP / ( 1 ,+LAMBP)*((l ,-3.*MP)*(l 


# _MP)_2.*MP**2*ALfC(MP 


j/p-VD/fl -fV]P)**3 

KP r KP+ ( 1 *-LAMBP)/(l ,+LAMRP)*( (2.-7.*MP+l 1 .*MP**2) 
4*(1 .-riP)+6.*MP**3*AL0G(MP))/3./(l ,-MP)**4 
SCT=BCT*(CR+CF)/2. 


SEXPrSG-SCT 
OUTPUT ( 1 OS) SEXP 
STBCr PTBXC+SCT 
OUTPUT ( 1 0S)STBC 
STB ErPTBXE* SEXP 


’-/Ur [JWW*SG 
BErB-BCT 
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TABLE 3.1-5 

AEROSURF LISTING (Continued) 


£47000 
247000 
240000 
£51 1 00 
251200 
253100 
255100 
257000 
257000 
250000 
240000 
201000 
202000 
243000 

r; 

2 c 40 00 
245000 
244000 
247000 
272000 

n n 7 r\ ^ n 

^ / o U u u 

Cu I ■ 1 > t l ' J 

275000 

275200 

275500 


TAMTrni N(THETA/57.295B) /CAST 
TA'!LE = TANT+2*(1 - LAMB) /( AR*( 1 +LA MB ) ) 

TA’)TE:TANLF-4*(1 .-LA MB) /(AR*(1+LAMB) ) 

AM0LEr57.295B*ATAN(TA NLF) 

ETAV\'G = ( ,04+AR*( ,0049+.000045*ANGLE) )*LAMB 
ETAVr)7 = ETAWNO-.05*<LAMB-.4)**2 

ETA V;*-!G= ETAWNG+.4J *(1 .+ .00033* A NGLF)- (60 ,-ANGLF) /3000 
r=3. 395-5. *ETAWNG 
R E 2= A R* T A NT F* ( - . 0 I 4R4) 

H- ( AR- 4 . ) * C 1 . +3. 5*T ANTE) *0.003 
IF CAR.LT.4.) H=0 

cbargl=f+gee+h 

ETAF-BCT/B 

FF=F*C 1 -FTAF**2)**.5+C20.*ETAWNG-R.4B8)*FTAF**2*(1-ETAF**2)* 

GEEF=GEE*C1 . -6 . 6 66*FTA F+7.3 1 6*FTAF**2)*C 1 -ET4F**2) **.5 
HF- ! [* C 1 .-1 4.5*ETAF**2+21 ,*FTAF**4)*( 1 .-FTA F**2)**.5 
C3ARF- FF+GEFF+HF 
SLR AT I = (CBARCL+CBARF)*ETAF/2 

FTAEXPr (FTAWNG-GLRATI*FTAF*.5-C1 ,-SLRATI )*FTA F) /( 1 .-SLR AT I) 
ETAEXP = ETAEXP*B/8E 
ETAUNF=(2.*LAMBP+1 . ) /(3.*CLAMBP+1 ) ) 

PLOP: ET A EXP /ETA UN F 
GLT2T- ( (WG- ,5*WVJ) *N7+LM) 

SL1 = SLT 2T*( 1 .-SLR AT I) 


277000 


07 ( -A0^ 

SL-SL1 

272000 

IF (SL 

£70000 

RBM-RL 

2 '1 GOO 

IF (J. 

2 '2 0 00 

TCP: C"’ 

2 22.510 

P F- RP v 

2 '30 00 

TC7'/Er 

2 40 00 

RR \*Mr2 

■."3000 

TRIBr = 

274000 

TRSTF: 

22 7000 

IF (TR 

277000 

TRIBTr 

220000 

WRIBFr 

291000 

'.>)( 137 = 

222100 

\!S WP KP 

) ) + * . 9 2 


22 3 000 

nc i )=£ 

.4 00 0 

7(2) -2 


SL2=DELP*SEXP 

GT.SL1) SL=SL2 


,3) RBM = 4*PBM 


TCB/CRH2*! 44 . )+PF/FA 
*pF**2*pn8P0/(FM2r>[]*TC?!VF*TF*.R) 
TCB/CHHF*1 44.) +RRNN/FA 
6 7. 5*RB X* 1 2/(3 . 1 41 4**2* r M?PII*PTB 
STF.GT.TPnF) TRIBFrTRSTF 


'*TR I7F*TF*C F*PTBXF* 1 2 
■*TR IBT*TT*GT*PTnXF*12 

'5 7* ( ABS(SL*. 00 1 *SI N (THFTA /5 7.295R) *BF/(C2ST*TF/1 2 . ) 


;;o000 GC3) “RH"*KP*BE*PBM* ( 1 ,+LAMRP) /(FA*.8*T F*(2.*LAMBP+1 ,))*1 44. 

2940 00 G ( 4 ) = RH ~*R^ X*2 . *G HST*BC T* 1 4 4 . / ( FA* . 8*TF) 

22 7100 TCrTR* ( I - Cl - v ) *BLP 1 *2 /B F) 
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TABLE 3.1-5 

AEROSURF LISTING (Continued) 


29SOOO 

299000 

300100 

300500 

301000 

302000 

303000 

304100 

304500 

305000 

305500 

306000 

308000 

309000 

309500 

310000 

311000 

312000 

313000 

314000 

315000 

316000 

317000* 

318000 

320000 

321000 

322000 

323000 

32 4000 

325000 

326000 


150 


Mpp-jQ/^jr 

Ki-1PP = 2* ( ( 1 «/(T ,*!*8PP) )+! y 1PP*AL0G(!'1PP) /( 1 -MPP) **2 • > 
KMC=ALnG(MPP>/CMPP-l .) 

PLl = nLPl-BCT/2)/C?!ST 

WnELl=nHfl*Wl*RZ*BLl**2*144,*KMPP/CFA*.8*TF) 

WR EL1=WREL1+RHB*VC1*N7.*BL1*1 44.*C0ST*BCT/( FA*.B*TF) 

WREL1 =WREL1+RH0*WC1*N7*BL1*12./TAU 
TC^TP* ( 1 - C 1 -M)*HLP2*2/BE) 
vpn - TP/T F 

KMPP=2.*(1 ./(1-?VP)+MPP*AL0G(MPP)/(1 .-MPP)**2) 
BL2=(BLP2-3CT/2)/C0ST 

WPEL2=nHfl*WC2*NZ*BL2**2*l 44 # *KMPP/( FA* # 8*TF) 
VREL2=WREL2+RH0*WC2*N7*3L2*1 A4.*C0ST*BCT/( FA*.8*TF) 

WREL2 = UREL2+RH0*WC2*N7*BL2*12./TAll 

WCM=4,*RH0*CM1*3CM1 *1 44*KMC/(FA*.8*TF> 

W3REL= (-WREL1 -WREL2+WCM) 

G(5)=12,*RH0*BE/nPST*(2.*CS*(.F*TF*(l ,+MP) /2 . ) **2 

&+Tf1IM*(.8*TF*(l ,+PlP) >> 

G(6)=2.*CB*.R*TF*P.CT/1 2 « 

G( 7) =2 «*RH0*R3M* 1 2. /TAU 
IF CJ.LE.2) G0 T0 150 

GC7)=GC7)*.5 _ _ _ lft 

G<8)s(WRI3F+WRI9T>/(2*RBSPC*C0ST)*BE*12 
G(9)=WRIBF/CRBSPG)*BCT*12 

GC10)=<G(1 >+G(3>+G(5)+G(7)+G(B>)*0.1 
G C 1 1>=CG(2)+G<4>+G(6)+G(9))*0.l 
GC12)=.14*STBE 
GC13):.l 4*STBC 

G(14)=.10*GC3)+.20*CG(7)+G(8)) 

G(16)=G(1)+GC3)+G(5)+G(7)+G(8)+G(10)+G(I2)+G(14)+VBREL+WSWPK 


327000 

32SOOO 

329000 

330000 

331000 

332000 

333000 

334000 


GC 1 7) =G(2)+G(4)+G(6)+G(9)+G< 1 1 )+G ( 1 3)+G( 1 5) 
G(18)=.25*G(16) 

G(19) = .25*G(17) 

G(20)=G(16)+G(18> 

0(21) =G(1 7)+G<I9> 

G(22)=G(20>+G<21 ) 

RET IIP.’] 

END 
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3.2 Develop Body Basic Structure Model - The body is the largest individual 
weight group in the Orbiter, contributing between 20 and 30 percent of the inert 
weight. It is also the group requiring the greatest development. Although con- 
structed with conventional materials and techniques, the cargo door, running the 
full length of the center fuselage, precludes a normal monocoque approach and 
increases the seriousness of torsion. 

3.2.1 External Loads - The first subtask was to set up a viable loads model 
capable of predicting the critical cases. This model duplicates, as accurately as 
possible, the design loads for the Orbiter fuselage. The primary constraint in 
setting up the model was to minimize the input parameters. To accomplish this, 
three basic assumptions were made: 

1. statically determinant reaction between the Orbiter and the tank. 

2 . single-condition critical loading with the exception of torsion. 

3 . torsion decreases from the maximum, at the aft reaction point, to zero 
at the forward reaction point. 

The following work develops the load model used in sizing the body basic 
structure . 

Figure 3.2-1 depicts the basic load model set up to derive the interstage 
reaction between the Orbiter and the external tank. Vertical loads only are 
assumed taken at the forward attach point, and both vertical and longitudinal 
loads at the aft attach point. With these basic reactions known, "simple beam" 
shear and moment equations are written for the center fuselage. 

Variables considered in this evaluation are: 

1. Orbiter ascent thrust, including number of engines, thrust level, factor 
of safety, and thrust vector angle. 

2. basic Orbiter geometry, including fuselage lengths and width, along 
with the location of the interstage reactions. 

3. an estimated Orbiter liftoff weight (0L0W) and its eg location with 

the vertical and axial load factors corresponding to the design condition. 

Figure 3.2-2 illustrates a typical design load envelope for an Orbiter as 
compared to the approximated envelope as defined by the load model. As noted in 
the design envelope, the post-SRM b urnout condition is the designing factor for a 
large portion of the fuselage. This is the condition approximated by the load 
model, and the resulting moments are within +5 percent of the design envelope for the 
fuselage center section. 
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THE FOLLOWING EQUATIONS ARE SIMPLE STATIC SUMMATION OF FORCES AND GIVE THE 
RESULTING INTERSTAGE REACTIONS. 

Z MOMENT G Rj = FS * OLOW * N x * HO + OLOW * N z *(LI - LO) * FS 

- FS * Pcos AOI * HV + FS * Psin AOI * (LI + LV) 

_ Z MOMENTS ©Rj 
2 LI 

Z MOMENT OR 2 = FS * Pcos AOI * HV - Psin AOI * LV* FS 

-OLOW* N x * HO* FS+OLOW* N z * L 0 * FS 

Z MOMENT OR 2 
Rj = U 

R L = P * FS * COS AOI - OLOW* N x * FS 

FIGURE 3.2-1 LOADS MODEL 


With a large nonstructural cargo door , torsional bending becomes a factor in 
estimating the basic fuselage structure. Assuming the maximum torsional load is 
defined by the max 3^ condition (ascent side wind), an approximation can be made 
by taking the vertical tail design load as a moment about the fuselage shear 
center. This moment is then reacted by differential bending of the fuselage side 
panels as depicted in Figure 3.2-3. It is assumed that the torsional moment 
degrades as a straight line function from the aft to the forward interstage. 

The torsion load is induced by the max $ condition and is not concurrent 
with the postr~SRM burnout condition defining the maximum fuselage bending loads* 
Consequently, the side panel t resulting from this condition must be checked 
against the bendingrdesigned side panels and delta increases added, if applicable. 
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ORBITER FUSELAGE 
BENDING MOMENT ENVELOPE 



g LOADS MODEL 




FIGURE 3.2-2 TYPICAL DESIGN LOAD ENVELOPE 


The simple beam shear and moment equations are easily developed from the 
preceding assumptions and resulting interstage reactions. 

Shear 

V @ R x to (LI-LO) = R x 

V @ (LI-LO) to R = R - OLOW * N * FS 
Moment 

M @ x (x is the incremental location from R^ to LI-LO) = R-^ * x 

M @ y (y is the incremental location from the point (LI-LO) to R 2 ) » 
assuming y is the aft interstage location (y = L0) 

= R * (LI-LO) + OLOW * N x * HO * FS + (R x - OLOW * N z * FS)y 

T 

Torque @ z (z is the incremental point from R 2 to R^) = (T “ ) z 
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FIGURE 3.2-3 TORSION MODEL 


A loads test case was run, based on the relationships developed on the 

previous pages. The primary critical condition for the fuselage center section is 

at post booster (SRM) burnout. This condition couples maximum Orbiter thrust with 

the minimum axial load factor, thus maximizing the interstage reactions and the 

induced Orbiter load. The design loads are defined by the Space Program Informa- 

tion Note No. S1E-L0ADS-1 (Reference K) , dated 7 June 1972, and documenting the 

MDAC loads from the proposal activity. The resulting interstage reactions develop 

a calculated forward interstage load of 199,200 lb, or 2-1/2 percent over the reference 

design load, and an aft vertical interstage load of 447,000 lb, or 3 percent over the 

reference design load. The aft interstage drag load results were not nearly as 

satisfactory with a calculated load of 1,654,000 lb, or 20 percent, under the reference 

design load. As this drag load is not directly involved in the determination of 

center section internal loads, no attempt has been made to improve the correlation. 

The following is the detail derivation of the interstage reactions. 

Loads Test Case 
Post SRM Burnout 

I Moment @ 

0L0W * NX * FS * HO + OLOW * NZ + FS + (LI-LO) 
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- FS * P * COS AOI * HV + FS * P * SIN AOI * (LI+LV) 
OLOW = 204,000 


NX 

= 

0.808 

FS 

= 

1.4 

HO 

= 

129 

NZ 

= 

0.239 

LI 

= 

997 

LO 

= 

324 

P 

= 

470,000 * 3 = 1,410,000 

HV 

= 

140 

LV 

- 

100 

AOI 

= 

13 deg 


Substituting and solving 

= 4.456 * 10 8 in- lb 

_ 4 . 456 * ^q8 _ 447 000 lb vs. 434,800 lb 
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£ Moment @ 

FS * P cos AOI * HV - P sin AOI * LV * FS 

- OLOW * NX * HO * FS + OLOW * NZ + LO * FS 
Substituting and solving 

= 1.986 * 10 8 in- lb 

= 1-986 * 10 8 = 199 200 lb vs. 205,950 lb 
1 997 

3.2.2 Internal Loads - With the interstage reaction known, the next step is 
the determination of the internal loads . Two points are checked for analysis 
purposes, these being the forward and aft end of the cargo compartment, presuming 
these are the points of minimum and maximum moment respectively, with a constant 
gradient between the two points. Again, the reference for internal loads is 
the Program Information Note. The calculated moment at the forward end of 
the compartment is 50 * 10 b in- lb, and is essentially identical to the design 
moment. The moment at the aft end of the compartment is 207.1 * 10 in-lb, and is 
6 percent higher than the design moment. Similar results were determined for panel 
shear with the exception of the aft end of the compartment, but the overriding 
torsion condition is the critical case and produces viable results. The following 
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is the detail determination of the simplified internal loads: 

Bending Moment Test Case 

M @ 570 = R * X 
X = 570 - 318 = 252 

M = 199,200 *252 = 50.2 * 10° in- lb vs 50 x 10° in- lb 
M @ 1320 = R x (LI-LO) + OLOW * NX * HO * FS (R^ - OLOW * NZ * FS)Y 

= 199,200 (997 - 324) + 204,000 * 0.808 * 129 * 1.4 

(199,200 - 204,000 * 0.239 * 1.4) 324 
= 207.1 * 10 6 in- lb 
vs: 195 * 10^ in- lb 

Shear Test Case 

Shear @ 570 = R 

= 199,200 lb 
vs: 205,000 lb 

Shear @ 1320 = R - OLOW * NZ * FS 

= 199,200 - 204,000 * 0.238 * 1.4 
= 130,900 lb 
vs: 270,000 lb 

Torsion Test Case 

Torque = PV * HS 

P = 447 lb/ft 2 ult * 450 ft 2 = 201,000 lb 
v ’ 

h = 0.4B + h - h 
s F sc 

B = 332 

hp = 280 

h sc " h L/3 " 205/3 = 70 
h L = 205 

h = 0.4 * 332 + 280 - 70 = 343 
s 

T = 201,000 * 343 = 6,88 * 10^ in-lb @ 1321 (aft end of cargo bay) 

T « 0 @ 570 (fwd end of cargo bay) 

For analysis purposes, the body basic structure is broken down into three 
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distinct sections: 

(1) the forward section , which includes the crew cab and all structure 
ahead of the cargo compartment, 

(2) the center section .which is the full length of the cargo compartment, 
and 

(3) the aft section, including all thrust reaction material aft of the 
cargo compartment . 

The following is a generalized nonoptimum factor included in the analytical models 
for the fuselage basic structure weight. 



ASSUME 5% ATTACHMENT 5% 

IDEALIZED STIFF SPACING, HEIGHT & THICKNESS 10% 

BASIC SKIN GAGE MILL TOL +005 8% 

MISCSTG’R CLIPS, SPLICES, ETC 5% 


28% 


3.2.3 Forward Section - The forward section is separated into five com 
ponents for the purpose of weight estimation. These components are the basic 
shell, pressurized cabin provision, windshield provision, nose landing gear 
provision, and a miscellaneous weight input. 

The basic shell is treated as a pure function of surface area; WT = K * SFW, 
where K is the shell unit weight, and SFW is the wetted area of the forward section. 

While not as attractive an approach as an analytical method, it will account 
for the known features of the baseline design. Applying the data from the NR-ATP 
Weight Report, Reference L, the shell unit weight becomes 2.8 lb/ft . It is 
assumed that the basic shell accounts for skin, stringer, frames, minor bulkhead, 
hatches, doors, and basic load reaction material. 

The crew compartment is likewise treated by empirical relationship . The 
weight is derived by a modification of an existing equation in the MAC 747, Weight 
Estimation Handbook, Reference Q. WT = K (V^) (1+P^) , where V c is the 
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pressurized volume of the crew compartment , and P is the ultimate pressure 
differential. The multiplier K was 1.54 in the original equation, but curve fits 
to 3.08 against the NR- ATP baseline. It should be noted that the original multi- 
plier was for relatively small cockpit volumes with relatively high leak rate, 
while the Shuttle has a large volume, very low leak rate requirements, and rather 

stringent fail-safe requirements. With this in mind, doubling the multiplier to 

fi 7ft 

the new curve fit seems reasonable?and the equation becomes WT = 3.08(V ) 

0.35 c 

(1+P C ) and is assumed to include the entire pressurized compartment with the 

exception of window provisions. 

The weight estimation of windshield provisions is based on Timoshenko’s flat 
plate analysis. Roark, Reference C, presents this relatiqnship in simplified 
terms . 


FTU 


0.75 AP b 2 
t 2 (l+l. 61 a 3 ) 


where 

FTU is the ultimate material allowable, 

AP is the maximum pressure differential, 
b is the maximum dimension of the plate, 
t is the thickness? and 

a is the plate aspect ratio (width/height). 


The windshield panels on the baseline orbiter are approximately square, 

the relationships 
2 

b is approximately the area of a panel, and a is approximately 
The equation thus becomes 


FTU 


0.75 AP Sw 
t 2 * 2.61 


simplifying 
equal to 1. 


and 

. 0.75 AP SW v 1/2 
t 1 2.61 FTU ; 


The panel weight is then 


WT = p * Sw ( 


0.75 AP Sw v 1/2 
2.61 FTU ; 


It is assumed that the window panels are fused silica with an FTU of 6800 lb/in 

3 

and a density (p) of 0.08 lb/in . 

The windshield sill weights are based on a point design unit weight of 0.5 
Ib/in of sill. Again, assuming square panels for deriving the circumference, the 
total sill length becomes (Sw) 1//2 .* 4 * Quantity, and WT * 0.5 (Sw) 1 ^ 2 * 4 * Quantity. 
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3.2.4 Center Section - The center section estimation model shown below is 
based on the assumption of a longeron type design with all bending loads 
being carried by the longerons , and shear by the side panels. In addition, the 
side panels carry the distributed torsion load in differential bending. The 
allowables are derived by the shell program which models a single-faced corruga- 
tion as a weight estimation tool (Appendix A). This allows consideration of 
material properties dependent on alloy and temperature as well as on frame spacing 
The analogy to the shell program is that the longeron supported by frames is 
similar to the beam column with semifixed end conditions, i.e., one side fixed an d 
one side pinned. The center section model is shown in Figure 3.2-4. 

Basic Shell - The following is the initial test case for section cuts on the 
MDC Phase C/D proposal Orbiter. The results indicate the current model would 
predict a section at the forward end of the cargo compartment approximately 15 
percent lower than ideal detail design results, and approximately 8 percent lower 
at the aft end of the compartment. 



LONGERONS 


FIGURE 3.2-4 CENTER SECTION MODEL 
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Test Case - Section Cuts 

FS 1321 - Aft end of Payload Bay 

Material 2024 T86 Temp 70°F P - 1.4 lb/in 2 * * * ult 

Frame Spacing = 20 in 

2 

FA = 69,000 lb/in False allowable from shell program 

2 

TAU = 22,300 lb /in Shear allowable fram^shell program 
HL - 210 in Height between upper and lower longeron 

B = 216 in Body width 


M _ 207.1 * 10 6 
HL 210 


= 0.985 * 10 6 lb 



985000 

69000 


14.3 in 2 


E Area (upper & lower longerons) 2 * 14.3 = 28.6 in 


2 


q = 


t min = 035 - input -for shear panels 

V = 130,900 
V_ = 130,900 
HL 210 


= 623 lb/ in 


T = 6.88 * 10 in- lb 

,6 


q = 


- = 1520 


T _ 68.8 * 10 
BHL 210 * 216 

= .068 


= 1520 lb/in 


22,300 


x-sec = q * (B + 2HL)= 0.068 (210 * 2 + 216) 
= 43.3 in 2 


Total Area = 28.6 + 43.3 = 71.9 i 


in 


Section at FS 570 - Fwd end of payload bay 
Material Properties - Same 

- \ ■ - 313,000 lb 


req’d F. 


313,000 2 

69,000 4,3 ln 


2 

E Area = 9 in upper and lower longeron 

t min = .035- input - 
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V = 199,200 

= 199 .2 QQ = 665 lb/in 

q 150 x 2 


t = 


665 


tau 22,300 


= 030 035 min 


x-sec=(2 * 150 + 216) 035 = 18.1 in 
„ ^ . 2 

Total Area = 27.1 xn 

Frames — Intermediate or nonmajor load redistribution frames have long been 
a problem in the area of weight estimation. For circular sections, Shanley 
(Reference D) , gives quite satisfactory results by solving a spring analogy to 
prevent general instability. An approximation of this method was tested, using 
the maximum dimension, fuselage height or width, as the effective diameter, and 
solving for the section modulus required to produce the required spring constant, 

2 


El = C 


MD 


f L 

2 

I = moment of inertia - 2 A c. f 

4 

Df = frame depth 

C = experimental constant = 1/16,000 

M = maximum moment 

E = Youngs modulus 

L = frame spacing 

D = diameter 

A = area per cap 
c 

Substituting and solving 2 for area 

„ MD .2 
A - T 2 

c f L D f 2 

Assuming a balanced frame with the web equal to one third the total cross sectional 

2 

area , n MD 

x-sec - o 2 

LD f 

Substituting values for the variable and solving for area 

2 

x-sec = 0.475 in 

This value is 20 percent lower than the theoretical point design which is 
redistribution of the differential pressure. Although this instability criteria 
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is not the critical case, this analysis is maintained in the final program as a 
check against large bending moments. 

Fi-Suire 3.2-5 shows a simplified frame model set up to duplicate the pressure 
critical design. 

Assuming the sides are modeled by the criteria of one end fixed and one end 
pinned, the moment equation is 


Similarly, for the bottom, assuming both ends fixed, the moment equation is 

M = Pb 2 
12 

where: M = derived bending moment, 

P = ultimate differential pressure, 
h L ” frame or longeron height per loads model, 

B = fuselage width, and 
F a = shell program resulting allowable 
Solving for area the equations become: 


Side A = 
c 


Ph 


8 Va 


Bottom A c - -jH- f 


f A 



BREAKING THE FRAME DOWN INTO SIMPLIFIED COMPONENTS 


FIGURE 3.2-5 SIMPLIFIED FRAME MODEL 
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Maintaining the relationship of a balanced frame with the web equal to one 

third the total section and sizing to an ultimate differential pressure of 1.4 lb/in , 

2 

the cross sectional area becomes 0.56 in and is 3 percent lower than the theoreti- 
cal point design. This simplified model will measure geometry and differential 
pressure, and when coupled with the resultant allowables from the shell program, 
considers material properties. 

Special increments are required to complete the center section. These are 
(a) the bulkheads at the forward and aft end of the cargo bay, (b) payload reaction 
provisions, (c) wing carry-thru structure, and (d) wing shear tie provisions. In 
addition, secondary structures, consisting of the cargo doors and their associated 
mechanism, are included in this section. 

The bulkheads at the forward and aft ends of the payload compartment are 
assumed to be sized for the critical load of interstage reactions. The estimation 
model is based on the principle of redistributing a concentrated external load 
into the basic structure as shown in Figure 3.2-6. The concentrated load is 
assumed to be reacted by a "shear beam" type bulkhead with the web sized to the 
derive 4 shear flow and the caps sized on redistribution material. As with the 
basic shell, the shell program is utilized as the structural element model. 



WEB SHEAR FLOW 
q = P/2HF 
WEB? = q/TAU 

w T = p*_L* J_* bhf =_L* L 

2 HF TAU TAU 2 

AUG CAP LOAD P/2 

AUG CAP AREA P/2FA 

TOTAL CAP LENGTH 4HF + 2B 

WT = P * P * (4HF + 2B) 

2 FA 


TYPICAL BULKHEAD MODEL 


B 
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The payload reaction provisions are an input weight predicated on the number 
of reaction points. The weight increment is based on the following detail 
derivation shown in Figure 3.2-7. 



Sizing the frame caps to transfer the load into the sidewall gives the follow- 


ing weight : 


FAU 


* 1/2 = average cross-sectional area per cap 


122,000 ™ . 2 

" 69^000 1/2 = °’ 89 in per cap 

2 3 

Weight = 0.89 in * 210 in * 0.1 lb/in * 2 = 37 lb for both caps. 
Average shear flow becomes 

lb = 1280 lb/1 

95 m 


in 


and t = 


- 12 80 

Tau ' 22,300 


= 057 in 
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and the web weight becomes 

210 * 8 * 057 * 0.1 = 10 lb 

The sidewall skin must be increased to accept this local shear input. 

Assuming a 20 in frame spacing, and the load being applied on two bays, the weight 
increment becomes: 

-I— * 40 * 210 * 0.1 = 48 lb 
2 22,300 

Summarizing, 

caps 37 lb 

web 10 lb 

skin 48 lb 

Total = 95 lb per reaction point 

Assuming three reaction points per payload configuration to maintain fully 
determinant status, the total weight increment becomes 3 * 95 ^ 300 lb, and the 
vehicle penalty becomes 300 * number of payload positions, assuming all axial 
loads are carried by the existing longeron structure. 

The wing carry- thru structure is derived by the wing aerosurface routine and 
listed under body center section for consistency in reporting. 

The wing shear tie provisions are derived by an empirical relationship 
defined in the MAC 747 Report, Reference Q. 

WT = 0.8 (WgNz) (|^p 0 ) * 10' 2 

where Wg * Nz is the ultimate total wing load, and 0 is the sweep angle at 
the 50 percent chord. 

The center section secondary structure consists of the cargo door and its 
related mechanism. A comparison was made of the details composing the NR-ATP 
baseline and the MDC Phase C-D proposal cargo doors. The weights were adjusted 
for area and double doors versus single door with the following results: 



NR 

MDC 

Door Structure 

4486 


Basic Shell 

- 

2800 

Hinges 

- 

1360 

Sealant 

- 

250 

Elect rome chanical 

556 

660 

Total 

5042 lb 

5070 
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It is readily seen from this comparison that* for a lightly loaded structure 
such as the cargo door, a unit weight approach is quite reasonable. Therefore, 
with the basic shell a function of area, the hinges, a function of bay length and 
quantity of doors, and holding the electromechanical system constant, the relation- 
ship becomes: 

Basic shell = 1.585 * (SCD) 

Hinges and sealant = 1.415 * (LCB) * (Qty) 

Mechanism = 660 lb 

3.2.5 Aft Section - The aft skirt is separated into the following basic 

structural elements, plus a miscellaneous weight input to account for such things 
as equipment bays. These structural elements are: the sidewalls, longerons, 

frames, thrust structure, and the vertical tail provision. 

The sidewalls include the skin and stringers and are sized as a unit weight 
times the surface area. The unit weight is the same as that derived for the center 

section and is predicated on direct shear, torsional shear, or the input minimum 
gage. 

The longerons are sized as a continuation of the center— section longerons 
and taper in cross-sectional area to zero at the end of the fuselage. 

The frames are sized identically with the center section frames , that being 
to react to the pressure differential with a check against general instability. 

The thrust structure is weighed as three separate allowances. An engine 
adaptor fitting is included as a constant weight times the number of engines. 

The adaptor weight is based on a point design analysis. The final two allowances 
are direct thrust reaction material. The thrust posts are weighed as column members 
reacting to the direct engine thrust. The column length is predicated on the 
relative location of the composite thrust vector and a material allowable is 
derived, based on an assumed Euler column, giving aluminum an F 'v 40,000 psi. 

c 

In addition, a gimbal plane bulkhead is weighed, using methods identical to those 
for the interstage bulkhead but considering the thrust vector for the design load. 

3.2.6 Symbols - The following symbols are listed in Fortran language as 
they were used in the derivation of equations and in the body weight program. 

Figure 3.2-8 depicts the location of the fuselage sections and some of the primary 
symbols . 

For convenience, the material allowable symbols are listed separately for each 
section of the vehicle and for the element they represent. The numerical values 
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FIGURE 12-8 LOCATION OF FUSELAGE SECTIONS 


of the allowables 

are taken from 

the "Shell" program in the Appendix, and allow 

variation in type 

of material or 

temperature environment for each element. 


CONFIGURATION DEPENDENT VARIABLES 

SYMBOL 

UNIT 

DESCRIPTION 

A0I 

deg 

Angle of intersection of the composite thrust 
vector and the center line of the propellant 
tank 

B 

in 

Average fuselage center section width 

DELP 

lb/ in^ 

Ultimate pressure differential in the center 
section (vent lag, external, etc.) 

DFAC 

ND 

Dynamic factor on ascent engines 

FNG 

lb 

Ultimate design load on the nose gear strut 

FS 

ND 

Factor of safety at the critical condition 

HF 

in 

Average height of the center fuselage 

H0 

in 

Height of the orbiter lift-off weight CG 


above the aft interstage attach point 
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SYMBOL 

UNIT 

DESCRIPTION 

HL 

in 

Average height of the cargo door sill above 
the fuselage bottom 

HTV 

in 

Height of the intersection between the com- 
posite thrust vector and the engine gimbal 
plane above the aft interstage attach point 

K1 

lb/ft 2 

Unit weight of the forward fuselage shell 

K2 

ND 

Number of payload "tie down" locations 

K3 

ND 

Cargo door indicator; 1 if hinged on one side; 
2 if hinged on both sides 

K4 

lb 

Center section miscellaneous weights input 

K5 

ND 

Number of ascent engines 

K6 

lb 

Aft section miscellaneous weight input 

K7 

lb 

Forward fuselage miscellaneous weight input 

LFS 

in 

Average center section frame spacing 

LI 

in 

Length between the forward and aft interstage 
attach points 

L0 

in 

Length of the orbiter lift-off weight CG forward 
of the aft interstage attach point 

LNG 

in 

Extended length of the nose gear strut 

LTV 

in 

Length of the intersection between the composite 
thrust vector and the engines gimbal plane aft 
of the aft interstage attach point 

0L0WT 

lb 

Orbiter lift-off weight - estimated 

OLAWT 

lb 

Orbiter design aircraft flight weight - estimated 

N x 

ND 

Axial limit load factor on the orbiter at the 
critical condition 

N z 

ND 

Vertical limit load factor on the orbiter at 
the critical condition 

PC 

lb/in 2 

Limit operating pressure in crew compartment 

PV 

lb 

Ultimate design load on the vertical tail 

Q 

lb/ft 2 

Maximum dynamic pressure on the orbiter 
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SYMBOL 

UNIT 

DESCRIPTION 

SAW 

ft 2 

Wetted area of the aft fuselage 

SCD 

ft 2 

Area of the cargo door 

SFW 

ft 2 

Wetted area of the forward fuselage 

SND 

ft 2 

Area of the nose landing gear doors 

sw 

ft 2 

Total windshield area 

THETA 

deg 

Wing sweep angle at 50% chord 

TMIN 

in 

Minimum thickness (t) of the center section 
side panels 

TV 

lb 

Ascent engines vacuum thrust per engine 

VC 

ft 3 

Volume of the pressurized crew compartment 

VTB 

in 

Vertical tail span 

WB 

ft 

Wing span 

WNZ 

ND 

Ultimate aircraft flight mode vertical load 
factor 

X 

in 

Length between the forward interstage attach 
point and the forward cargo compartment 
bulkhead when the attach point is fwd of the 
bulkhead 

MATERIAL DEPENDENT VARIABLES 

Longeron 

FAL 

lb/in 2 

Material false allowable from shell program 

RHOL 

lb /in 

density 

Shell 

TAUS 

lb /in 2 

Material shear allowable from shell program 

RHOS 

lb /in 

density 

Frames 

FAF 

lb/in 2 

Material false allowable from shell program 

RHOF 

lb/in„ 

density 

EF 

lb /in 

Modulus of elasticity 
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Bulkhead 


FAB lb/in 2 

TAUB lb /in 

RHOB lb/in3 

Thrust Post 

ET lb /in 2 

RHOTP lb /in 3 


Gimbal Plane Bulkhead 

FAPB lb/in 2 
TAUPB lb/in 2 
RHOPB lb /in 2 


Material false allowable from shell program 
Material shear allowable from shell program 
density 


Modulus of elasticity 
density 


Material false allowable from shell program 
Material shear allowable from shell program 
density 


^•^•7 Test Case - Table 3.2-1 is a listing of a typical input file for the body 
structure weight program. Lines one through ten represent all of the required 
inputs »and the case listed is the NR baseline Orbiter with the results and typical 
printout shown in Table 3.2-2. Lines 12 through 14 represent changes to this 
basic file necessary to run a different configuration. In this case, the vehicle 
represented is the MDC Orbiter. The output for this case is listed in Table 
3-2—3. The results of these two test cases compare extremely well with the 
adjusted body group weights of the reference vehicle. The NR run indicates a body 
weight of 31,693 lb versus an adjusted reported weight of 31,547 lb. The weight 
was adjusted by deleting the wing carry-thru weight and the radiator hinges for a 
direct comparison. The MDAC run produces a body weight of 32,962 lb and compares 
to a calculated weight of 32,500 lb. 

3.2.8 Program Listing - Table 3.2-4 is the listing of the body structure 
weight estimation program. This program is completely self-contained and can be 
used for comparative studies. Minor differences exist between this basic program 
and the body model in the ESPER program. Many of the input variables are derived 
in ESPER and need not be an input or are already input for a different model requiring 
the same data. An example would be vertical tail data used in the body for calcu- 
lating torsion. The loads and geometry would be inherent in the vertical tail 
model . 
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TABLE 3.2-1 
INPUT FILE 

1 .000 AOJ = 15.,HTV= 100.,LTV=155 . , V 0= 1 1 0 . , L0:2 3 5 . , LI = 74 7 . 

0 .000 NX=.7, *17= .3 , T Vr 4 70000 . , FS: 1 .4 , 0L0VT:23 7655 . , VTRrJOO. 

3.000 P V=20?50P . ,H F=?53. , HL: 1 45 . ,3=205 . , v =0 ., K 1 :2 .7 

4.000 0 FW = 1 2 77. , VC:29 12 ., PC: 1 4 . 7,0:650 . , SNP=30 . 6 , FNG= 1 loOOO. 

5.000 LNG=77. , FA L= 69000 . , TAUS:22300 . , TMI Nr . 035 ,RH ?>L = . 1 ,PHOf: . 1 

6.000 EF: 1 0300000. ,LFS:20. ,DELP: 1 .4 ,RHOF= . 1 , K2 =4 . , K3=2 . , K4 = 0 . 

7.000 SCD:1 764.,SAW:70?.,DFAC:1 .3, ET= 10300000., PH "TP=.l 

T.0 00 RH0P5: * 1 , K5 = 3 • , K 6= IPO., OLAWT:? 1 5000 . , WN7:3 .75 , W?:p4 . , THETA: 10 . 
0.900 FA F: 6^0 00., FAB = 69000. ,RHOP,= .l ,K7=0. 

1C. 0 00 TA!JB:223 0 0. , FAPB = 6?000 . , TAUPBr22300 . , SW= 4 1 . 6 , H 7: 0 . 

1 1 .000 * 

12 .00 0 API = 13 . , HTVr 1 37. , LTV: 1 05 . , H Or 1 20 . , L0=2 15 . , LI: 1 020 . 

13.000 VTR :33 0 . , H F=25 0 . , HL: 1 70 . , P =230 . , 0 FW= 1 1 62 . , VC=2 51 4 . 

14.pno FGD= 1 500 .,FAW:149l .,r:2 75 .,K3:1 . 

15.000 * 

-F7F '-'IT A FTF2 15 . 


TABLE 3.2-2 
NR BODY GROUP 


POpv GROUP 


BASIC STRUCTURE 
SID EVA LLS 
LONGER 7 NS 
FRAMES 
P U1.KHEADS 
CREW CPT . PP7V. 

VI NDSKI ELD PR 7 V. 
NOSE WHL. WELL PR 
PAYLOAD REACTION 
WING CARRY THRU. 
WING SHEAR PR.W. 
THRUST STRUCTURE 
TAIL PROV. 

SUB TOTAL 


FWD CTR 

3577. 3461. 

10 65 . 
1436. 
1 176. 

5124. 

I 677. 

225 . 

1200 . 

550. 


10614. 77«o. 


secondary structure 

CARGO DOOR SHELL 
CARGO DOOR YECH . 


2706 . 
22 74 . 


wise. 


0. 


0. 


total 


10614. 13Q5s. 


3 1 693 . 

AFT 

1417. 

403 . 

1025. 


3976. 

162. 

7001 . 


120 . 

7121 . 
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BODY GROUP 


PAFIC FT^UCT'^ r 
FI PEWALLF 
LP \ : GFR ?. VF 
FRAMES 
PULXHEA2F 
CPF CPT. 30 7 7. 

V' I VFFr I ELD ?P?7. 
"CFE VWL. WILL ?R?V 
PAVLFAD P FACTION 
WI \’G C A R R v THRU. 
WI"G FFEAP 
THE OFT FTRL'CTURE 
TAIL PR 2 7 . 

SUB TCTAL 

FECFA’DARv STRUCTURE 

CARS? P FP 3 SHELL 
CARGO DFCR V ECH. 

MFC. 

TOTAL 


TABLE 3.2-3 
MDAC BODY GROUP 


FWP 

CTR 

3254 . 

3555. 
. 2252. 
216^. 
10?6. 

4710. 
1 6F7. 


225. 

1200. 


55 0. 

9875 . 

10^22. 


2377. 
14 65. 

0 . 

0 . 

9*75 . 

14665 . 


32962. 


AFT 

2337. 
6?? . 
1402 . 


3711 . 
1 62 . 


8302. 


120 . 

S422. 


TABLE 3.2-4 
PROGRAM LISTING 


7.170 

SFI 

\* c r* 

1 .00-7 


I "PL I Cl ? n PAL (A -7) 



r :A ‘TLITT 

7 ~ r* 

V • v 


j C 01 T V-T'M T 1 / uc t n it mv 

1 f 1 ' f “ ' f ■ » ° » L 1 ' t 

4 . P 0 0 


p py tip u] ^ v 

» ? ft -tt 

4.17? 


7 i/i rp,i }jn cc o ^ F k r, ] r ri 

^ f 1 f - t 9 t t ‘ 1 * r L 

A .2 0? 


/’ p J ** T f J p LI 1 C u c C J £ TJ C 

4 . 0 n 0 


5,’ - F, L FF f D ELP , FAR f PH ? n , T A IIP 

4.400 


6 R UP F K 2 r W K 7 T V 

4.500 


7, k 3,K 4,FCP, FA F 

4 . fino 


? , f A W f FAFF, TAMPP 

4 . 70 P 


- P FA C FT O H - TP -pop- Y c 

4. -00 


K 6, 'LAVT, V\’7 , UP , THETA 

5.000 


CALL FOFFFT(cccof) 

6.000 

1 

I ■;?utci ) 

7.000 

C 

MPEMT CALCULATION DUE TP ' 

7.500 


P = T V* H 5 


pc rt j o-fjp 


3.2-22 


JMCOOWWFLL DOUGLAS ASTRONAUTICS COM RANT • EAST 


DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


TABLE 3.2-4 

PROGRAM LISTING (Continued) 


3. nop, 

? .non 

T V) ) 

in. coo 
¥ m 
1 l .pop 
l? .non 
13 .non 
1 4 .OOP 

15.000 c 

16.000 

1 7.000 

17. non c 

lc .000 

20.000 
? 1 .000 

22 .ooo c 

23 .000 

24.000 c 

05.000 

06.000 
06.010 
? 6 . 0 2 0 
26.1 00 
26.200 
26.300 
27.000 

27.000 
2 ^ .200 
27 .300 
2 ? .000 
2 ? .200 

30.000 C 
31 .000 
32 .0 00 

33.000 

34.000 
35 .000 

36.000 
37.000 

37 .000 
3 C . 0 PC 

40.000 

41 .000 

42.000 

43.000 
43.100 C 

44.000 


2XAR 1= ( FF* OLOWT* NX* H0) + ( OLOWT* NZ* CLI-LR)*FS) 

1 1 ( pc;* R*CO? ( AOI/5 7 .2957)*HT V) + ( FS*P*F I N(A0I/5 7.2?5' 7 )*(LI + L 

FMAR2r ( FF*P*COF( AOI /5 7.295 7)*HTV) - (P*FI N(A0I/5 7 .??5' , )*LTV 

1 - (OLOWT* NX*H2*FF) + (PL0WT* M7*L0*FS) 

F2=FXAR1/LI 
P 1 = FMAR2/LI 

PL=P* FF*0nS(A.7I/5 7.295 7) - OLOWT* NX* FF 
FHEAR CALCULATION? 

OR 1 TL-R 1 

F LTR2=R 1 “ OLOWT* NZ* FF 
MOMENT CALCULATI CNF 
V R 1 TL:R 1*X 

MLTR2=R 1* (LI -LO)+OLOWT*NX*HO*FF 
1+(P l -OLOWT* NZ*F?)*LO 
TOPPUF CALCULATION? 

TP2 TR1 = PV*(.4*VTR+HF-(HL*HL/(2.*HL+P>> ) 

FWP FFCTICN WEIGHT CALCULATION? 

G 1 -Y. 1*? FW 

G2=3 . 07* VC**. 77* ( 1 .+2 .* PC)** .35 
FWr 6?00 . 

PHOWt .0? 

GW = 2 .*( (,75*3.*PC*144.*?W)/(6.*FW*2.61 ) )** . 5*SW*RH OW* 1 4 4 . 
G?= ,5*(FW/S.)**.5*277. 

G3 = GW+GS 

G4= .37*0** .3*? NP 

G5= .039*( FNG* .00 1* LUG)** .9 

G6r G4+G5 

G7=K7 

G7= G 1+G2+G3+G 6 
C9cG7+G7 

CENTER SECTION WEIGHT CALCULATION? 

PLX-^Rl TL/HL 
PLYc MLTR2 /HL 
AXcPLX/FA L 
AY = PLY/ FA L 

G10= (AX+AY)*1 ,27*RH0L* (LI -v) 

T7vT= (TR2 TR1 / (P*HL) )*( 1 ./TAU?) 

I F(TBYT.LE.TMIN) TBYTrTMIN 
TPV- (?LTR2/HL)*( 1 ./TAU?) 

I F(TBY.LE.TRYT) TBY-T3YT 
TBX-(PP1 TL/HL)* ( 1 ./TA1JS) 

I F(TPX.LE.TMIN) TRX=TMIN 
TBAVGr (TBY+TRX) /2. 

G 1 1 r TBAVG*(LI-X)* (2 .*HL+B )*RH0S* 1 .2 7 
CENTER FECTION FRAME CALCULATION 
C F- 1 ./I 6000 . 
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45 ,C? r 

a < . o o o 

47.050 

47.000 

40 .000 
50.0^0 
51 .000 
5 ? .000 
5 7 nno 

54.000 

54 . 1 00 

55 .000 
55 .1 00 
55 .200 
5 S .000 

50.100 

57.000 
5 7.200 

57.000 

57 .0 00 
0 0 .000 

01 .000 

ci c ^ o 

■ 1 • c ' >. ' 

<2 .COP 

03.000 

5 4 .0 00 

04 . 1 00 


n c p 

.100 

'.000 


re 

r- 
0' 

<-.ooo 

<7 . 0 0 P 

70 .00 0 

”1 .000 
7? .000 

7 ’ . 00 " 

74.000 

75.000 


TABLE 3.2-4 

PROGRAM LISTING (Continued) 

r f= s . o 

XCFFOr ( f , . P*CF*XLTR2*?**2 . ) /(LFE* F.F*nF**2 . ) 

WBM=VCCEC* ( p +2 .*KF)*E)-’ PF/LF2 

EXCGECr (3 .*DELP*HL*HL*LFS) /(PF* FA F*7.) 

FXCPFGr (PELP*P*B*LFB) /C4 ,*DF*FA F) 

VPPr (GXCBEC*2.*HL+BXCSEC*B)*PH?F/LFf 

1 F(WPP.LE.VBN) yoprwpv 
Gl?=M3P*CLI-r>*l .27 

CENTER CECTION BULKHEAD CALCULATION’ 

G 13 = RH "P* (( 3 1/(2.*FAB))*(4 .*HF+2.*F ) 

1 + (P 1*P/(?.*TAUD>))*1 .?* 

G 1 4-0U7P* ( (P?/(2 ,*FAP) )* (4 ,*H F+2 ,*p) 

l + (R?*P/(2 .*TAt!P) ) )*1 .P^ 

C 15 = G13+G 1 4 
G 1S=K2*3 00. 

CE M TEP CTCTIf 7 ': WI MG PP2VIGI2N CALCULATION 

G 1 7= .7* (OLA’-'T* .00 1* WV7 ) * ( W p /CCC ( TMFTA /5 7 ,2<o 5 rr ) )*,o \ 

G 1 7r G 1 0 + G 1 1+G 1 2+G 15+G 1 C+G 1 7 

pr*ijrp e rcTio M POOP CAl CPLATI^M 

G1Q= 1 .5 75*?CP 

G? 0 = 1 .07*CLI-'')*X3 

G? 1 = COO. 

CP.?~ G20+G2 1 
G?3=K4 

G2 4z G 1 7+G 1 7+C22+G23 

COVER CA LC’ILATI ONE 

C7”EP PM ELL CALCULATION 

G 2 5 = BA W* T?»A VG*RH 2C* 1 44 .* I .2 3 * 1 .3 

C " VE n FPA ”E CALCULATION’ 

02 C=2?0 .* W?P* (2 .* H F+2 .*?)/(? ,*HL+B )* 1 .O' 3 * l .3 
C c VE° LONGER CM CALCULATION 

G2 7r 1 10 ,*Av*nV^L*P .* 1 .?7* 1 .3 
G<7r G25+G2 C+G2 7 
THRUST 2 TRUCT’JR E CALCULATIONS 
TH P UET POET 

LE= (LTV**?.+ ,J TV**2 )** .5 
FTF = ET* .003P5 

G2 p = ( P / FTP ) * LE* RH 0 TF* PFAC*?. 


70.000 c 

THRUST GIXBAL PLANE BULKHEAD 

77.000 

G3 OrRKCPP* ( ( P *SI N(A. 01/5 7.2^5 3 )/(2.*FAP 

*B ) 


77.100 

I+(P*SI NCACI/5 7. 2 75 3 )*B/(2 .* TAIJPR) ) )*2 . 

7? .00 0 

G3 1 = K5*200 . 

•7 P (0 0 | Q 

G32= G2P+G30+G3 1 

-1 .000 

C 3 3 = K 6 

3 2 .00 0 

G34rS. 7*( P V*.00 1 )**.6 

73 .0 00 

G35= G2.5+G2G+G27+G32+G3 4 

74.000 

G3 S= G35+G33 

-4.010 

G3 7= GP+G24+G3 6 
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TABLE 3.2-4 

PROGRAM LISTING (Continued) 


35.000 

36.000 

37 . 000 

30.000 

39.000 

90 .000 
^1 .000 
91 .500 

97.000 

95 . 000 

94 .000 

* 

... - 5 

95.000 

96.000 

97.000 
9g.OOO 

99.000 
! 00.000 
1 01 .000 
! 02,. 000 

103.000 

104.000 
1 05.000 

106.000 

107.000 


| 00 

ZOO 


Y<KI TE(lF^ f 

inn) 

7 

wn r (F', 

o n n ) 


WIT"(rF, 

non) 

F 1 , FI 1 , FF5 

r- o *' 7 PF 

. ' 'F , 1' 

ms 

n 17 7 7 . r 7 7. 4 

j 1 ♦ ' ' ■ f 

i.p t ~ r ( i ° ~ t 

/; n n ) 

F-,F1^,F75 

'■■p I T ~ ( 1 F - ’ 

50 r ) 


',•'?! T r (l FF t 

^ n d 

c 1 ° n° n 

'■'F T 7 F ( 1 F 7 , 

S5 n ) 

o *7 rs 07 ^77 

' » ,Ji,k • ' ’ ^ V 

' P I T F ( 1 FT, 


2? * P7 S 

» » ^ 

F r '""'A T ( / /, 

» . 

A pPy p P ^ J T H 


F' 


'(/ 






fwp , i ■ 


r.T' 


.0) 

'ft ITT 


H > 


< 7v . 

l.r*' 

X 

F7A 


F 

»,/, 7 X. 
Z,/, 7 *, 

4,/, 7 Y, 

6 , /, 7 x, 

7. /. 7 X‘, , 

9./. 7 x, ;u* 

i,/ 


I f- LLF ' , 1 Ov ( F l n . n , 5 '*, FIT 

n ^ up * o Cj v pin ^ ^ v p j P # 7 

r ' Pin o sv * P 1 r . n 

9 - ^ t * ' * 

* m j p w t £ n f* .?5V, F1F.F 
>n-',j rPT. ppfw. ” 4v > pip.n 
IJ -;ri cu I rpr p n F v. V , ?y , F 1 F . F 
-~er 3 F F ’/ ' , F 1 F . F 

5 A v L FA F FFAFT!'"”' ", 1 , Fl n . n 

~ ?. m v Tl'Pll . 

r- \ > r- A 7 > Ml ' 1 lv F 1 ’°.F 


.0 5' 


'BASIC STRUCT 


IF" 


2 , /, 7 X, 'TAIL 

4 00 FORMA T( / 6 y , /OB tota 

A mh a t f / /■»/ r r p a ii ) a 


7 '/ 

f v > ♦ 


‘ J r T 2 i I r . T ! 1 P F A J. v F 1 0 . 0 

rP.F) 

"osiooo 500 F5wTP/ir:;swobA7v /TR^T'pP'P f 

109.000 600 F0RMATC/7X, G — G; 0°°* SHELL 1'V ■ 1 

! 10.000 l./, 7 X, CAW£ n-TP /*CH. l-.rP.F) 

lijlcoo 700 F0RIMT</6y. 'TOT.M. ',1 5/, FI " .f ,5X, M n . 

1 13 .000 C ~ ' 1 

114.000 3999 FA LL C. LOS FI 

115.000 STOP 

116.000 END 

F HIT AFTER 116. 


'IF 


C , V 
> I 

c, 


•in 

'IF 


FI 


, F ) 
, F ) 
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3,3 Thermal Protection System Weights - This section on the thermal protection 
system (TPS) is presented for informational purposes only. It was determined that 
the magnitude of input parameters required to define the isothermal boundaries in 
the Stacked Pods Program was not justified in view of the fact that the unit TPS 
weights for these areas are generated outside the program. Therefore, the TPS 
model in the Orbiter vehicle module consists of input unit weights, and their 
corresponding areas derived by the user outside of the program. The TPS model 
is identical to that described by the flow diagram, Figure 3.3-17 in Section 3.3.5, 
TPS model, for the option of externally derived areas. It includes the iteration 
technique on the unit weight to account for changes in heating due to changes in 
the vehicle reentry weight. 

3 . 3.1 General Stacked Pod Theory - The Stacked Pod Method is presented as a 
tool for determining the surface area of an orbiter. In addition to the primary 
objective of determining surface areas, the program will calculate volumes, 
area center of gravity, and volumetric center of gravities. The method is based 
on the theory that any solid can be described as a stack of pods with their sum 
of the volumes equal to the volume of the total solid. Likewise, 

the sum of the surface areas of the pods less the overlap area (shaded subtractions 
on Figure 3.3-1) is equal to the surface area of the total solid. 

The pods are described to the computer in terms of changes at inflection 
points. These changes may be in reference to shape, width, depth, or redundancy 
(overlaps area dimension). Figure 3.3-2 displays the plan and profile silhouettes 
of a pod to be input into the computer in terms of eight inflection points. 

Every inflection point will have an associated horizontal location to assure 
that all inflection points of all pods are properly located in the fore and aft 
direction. Vertical and lateral locations are ignored. For example, if an added 
pod was described to the computer, the program would not know or care if this pod 
was on the top, bottom, or side of the pod to which it was added, but rather that 
it started at some horizontal coordinate and continued to some ending horizontal 
coordinate . 

This program enables the user to introduce dissimilar shapes at inflection 
points and to have accurate mathematics to calculate surface area and volumetric 
data. There are 18 basic shapes programmed into the routine. Figures 3.3-3 and 

3.3-4. 
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SURFACE AREA 

+ 0-0 


TOTAL SOLID 


POD 1 


4- POD 2 


FIGURE 3.3-1 GEOMETRIC EQUIVALENCE OF POD STACKING 



FIGURE 3.3-2 SILHOUETTE TRANSFORM TO COMPUTERIZED INFLECTION POINTS 
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AREA COEFFICIENT - k v 

FIGURE 3.3-3 AREA COEFFICIENT AS A FUNCTION OF SHAPE CODE 
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PERIMETER - P = k w ( a + b) 



BASE OVER ALTITUDE RATIO - b/a 


FIGURE 3.3-4 PERIMETER COEFFICIENT VALUES 
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All shapes are a composite of straight lines and/or elliptical segments. The 
transition of lines is either continuous (smoothly faired) or discontinuous (sharp 
angled). Shapes 4, and 6 through 15 are totally continuous, while shapes 1, 2, 3, 
and 18 are totally discontinuous in type of transition. Shapes 5, 16, and 17 have 

both types . 

While all shapes have exact mathematical relationships as to the length of 
the curved and straight elements they contain, the intent is for sight identifica- 
tion. By supplying the maximum dimensions of the width (b) and depth (a) , the 
mathematical relationships of the shape will derive the area and perimeter. For 
surface area calculation, it is necessary to remove the overlap area by removing 
the redundant perimeter, the shaded area in Figure 3.3-1. 

For a shape code, the program calculates coefficients k v for computing 
cross-sectional areas and pod volumes, and k w for computing cross-sectional perim- 
eters and pod surface areas. Multiplier k y is used to compute the cut area (A) 
by the formula 

A = k ab 
v 

for known height or depth(a)and base or width (b). Figure 3.3-3 is a display 

of k as a function of shape code. Likewise, the cut perimeter (P) is a function 
V 

of k : 
w 

P = k (a + b) . 
w 

Figure 3.3-4 displays the k w for each shape code as a function of ratio b/a. 

The derivation of these multiplier coefficients (k w> k v ) is straightforward, 
and is illustrated below for two shapes. 


i 


a 




v » i/ 2 _a_b .0.50 

v 3 a b 

2 “> 1/2 

_ b + 2 (a I b' 74) ' 

w^ a + b 

t-fitr-r 

!)/ + 1 

a 
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'v.l 2 


+ [ £ + 1 + <|) ] (f) + 0 (|> 


ab 


= 0.726 


b , . 

T v '■ 


2 . 2 

1 L_ 

.4 16 j 


1/2 


+ k w4<t + !> 


w.l 2 


+ b 


= 1 . . 1 . 

2 k w3 r 2 k w4 


Integrating the perimeters and cross-sectional areas over the length of the 
pod generates the surface areas and volume* Inherent with the integration process 
is the definition of how the perimeter and cross-sectional area transform from one 
shape at an inflection cut to another shape at the next inflection cut. The 
following definition is basic to this analysis. 

Every consistently defined segment around a perimeter will linearly map to 
a point at the next inflection cut if the corresponding segment is dissimilar 
(holding its shape throughout the mapping). Similar corresponding segments of 
two adjacent inflection cuts will merely hold their shape. Figure 3.3-5 explains 
the term "consistently defined segments." Line segments 1-2, 2-3, 3-4, 4-5, 5-6, and 
6—1 are consistently defined as they contain only curved or only straight line 
segments. For example, 1—3 or 2—6 are not consistently defined as they contain 
both curved and straight line segments. 

Figure 3.3-6 explains the term "corresponding segments" for two adjacent 
cuts. Segments 1-2 and 1-3 correspond to 4-5 and 4-7, respectively, and by defi- 
aition will merely hold their shape throughout the mapping. Segment 2—3 corre- 
sponds to segments 5-6 and 6-7, and these segments will each map to a point on the 
adjacent inflection cut. Figure 3.3-7 is a display of two possible mappings. 

The second basic assumption of this analysis is that the centroid of all 
cross-sectional areas at inflection points lies along a common reference axis. See 
Figure 3.3-8. 

There are many ways to input the same information to the computer. Figure 
3.3-9 displays three possible options for the same information. The middle option 
is obviously the simplest for this cut, but inflection at other stations could 
make a single pod 2 option impossible. 

The straight line subtractions feed the program the amount of contact perim- 
®ter between restacked pods. If the redundancies were not removed, the program 
would compute the total perimeters of all pods, thus overcalculating the surface 
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5 4 


FIGURE 3.3-5 “CORRESPONDING SEGMENTS” 
EXPLANATION 



1 3 4 7 


FIGURE 3.3-6 “CONSISTENTLY DEFINED” 
EXPLANATION 



FIGURE 3.3-7 MAPPING DISPLAYS 
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FIGURE 3.3-8 CROSS SECTIONAL AREA CENTROIDAL REQUIREMENT 



FIGURE 3.3-9 POD EQUIVALENCE OPTIONS 
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area. To input the shaded area in Figure 3.3-10 the redundant perimeter is zero 
at } and r at f,. and f ? . The program computes the area between the extremes of 
the redundancy ( f and f ? in the example) by assuming a linear transition from one 
redundant to the next. This area will be removed from the total surface area. 



Added pods respond to both total volume and to total surface area. If one 
pod is subtracted from another, the routine will respond to the subtracted pod for 
total volume, but ignore it for total surface area. This allows the determination 
of the surface area of pods with concave cuts as shown in Figure 3.3-11. 




TOTAL 




FIGURE 3.3-11 CONCAVE GEOMETRY 
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The preceding discussion has concerned itself with surface area along the 
reference axis. In order to generate the total surface area of a pod, there 
must be the option of excluding or removing 'front and rear faces. The 
removing requirement is because surface area responds only to additive pods so 
there must be the capability of removing face areas when adding a pod to a body. 



BODY A 




FIGURE 3.3-12 BODY GEOMETRY 


3.3.2 Sample Results - An example of body geometry is shown in Figure 3.3-12 
with the resulting comparison of program generated data with actual data shown in 
Table 3.3 1. xable 3.3—2 is a comparison of s tacked pods, derived areas and volumes 
with actual data for a typical Orbiter and the C-5A aircraft. The table notes the 
variation in percent error as a function of the number of section cuts taken. 
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GROUP NAME 

VOLUME 

FT 3 


VOLUME C.G. 
IN 

SURFACE AREA 
FT 2 

AREA C.G. 
IN 

BODY A 1) 
2 ) 

428.2 

428.4 


204.1 

204.1 

427.0 

427.1 

198.1 

198.1 

BODY B 1) 
2 ) 

10.1 

10.1 


37.3 

37.4 

33.1 

33.1 

44.7 

44.7 



1 ) 

Program generated data 




2 ) 

Actual data via hand 

calculations 



TABLE 3.3-2 
TEST RESULTS 



WETTED 

AREA - 

FT 2 

VOLUME - FT 

3 


VEHICLE 

ACTUAL 

CALC 

PERCENT 

ERROR 

ACTUAL 

CALC 

PERCENT 

ERROR 

NO. OF 
CUTS 

MDC Shuttle 

7788 

7656 

1.7 

34,347 

34,383 

0.1 

20 

Orbiter 

MDC Shuttle 

7788 

7390 

5.1 

34,347 

31,558 

8.1 

ii 

Orbiter 

MDC Shuttle 

7788 

8461 

8.6 

34,347 

31,393 

8.6 

6 

Orbiter 

C-5A* 

16646 

17052 

2.4 

86,610 

93,816 

8.3 

40 


*Data taken from 1/150 scale drawing. 


333 Thermal Protection Application - The stacked pod method of calculating 
areas lends itself ideally to thermal protection calculations. The user can match 
the pods and inflection points directly with the thermal analysis. Table 3.3-3 
shows the TPS analysis for the MDC Shuttle Orbiter, and Figure 3.3-13 shows how 
these average TPS weights are applied to the configuration. 
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TOTAL 


AVG. 


BODY STATION 

AREA 

(FT2) 

LB/FT' 

WT 

(LB) 

ADH 

(LB/FT 

WT 

2 )(LB) 

LB/FT 2 WT 
(LB) 

LB/FT 2 WT 
(LB) 

LB/FT 

Nose Cap 
200-240 

18 

36 

7.62 

2.54 

137.0 

91.0 

0.07 

0.07 

1.0 

3.0 

0.77 

0.27 

14.0 

10.0 

8.46 

2.88 

152.0 

104.0 

4.74 


54 








256.0 


Fwd-Upr-St 

364-570 

720 

722 

1.66 

1.18 

1195.0 

852.0 

0.17 

0.17 

122.0 

123.0 

0.18 

0.14 

130.0 

101.0 

2.01 

1.49 

1447.0 

1076.0 

1.75 


1442 








2523.0 


Bottom 

240-1586 

2079 

2.53 

4260.0 

0.17 

353.0 

0.27 

562.0 

2.97 

6175.0 

2.97 

Aft-Top 

570-1586 

1750 

0.94 

1645.0 

0.17 

298.0 

0.11 

192.0 

1.22 

2135.0 

1.22 

Aft-Sid 

570-1586 

1600 

0.94 

1504.0 

0.17 

272.0 

0.11 

176.0 

1.22 

1952.0 

1.22 


TOTAL 


6925 


13,041 



FIGURE 3.3-13 TPS BODY BREAKDOWN 


Table 3.3-4 displays the stacked-pod data file and its corresponding output 
which duplicates the thermal analysis on the MDC Qrbiter. Section 3.3-2 
demonstrated the accuracy of the stacked pod method as a tool for calculating 
total areas of geometric shapes and vehicles. Table 3.3-5 demonstrated not 
only its accuracy , but also its flexibility in breaking down a vehicle into 
specified sections. This capability of sectioning a vehicle simplified the 
tasks of applying average unit weights over a vehicle. 
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 

TABLE 3.3-4 
DATA FILE OUTPUT 


1 . uOU 
2 .000 

S I 1 r. i\ d A - jKl I A 8 i r’i 
NGSF. CAP 200-240 

i c-b i 

l 

OAcjL 

2 

1 

i 

3 .0 GO 

200.0 

0.0 

0.0 


4 

u.o 

4 . JUG 

2 4 0.0 

70.0 

102 .0 


4 

0.0 

b • 0 0 0 

i | r OP F.-.’D AT 364-570 

2 

4 

1 

0 

6 .0 00 

364.0 

0 • 0 

0.0 


1 

0.0 

7 .000 

4 0 C . 0 

26.0 

88.0 


1 

88.0 

r< • 0 0 0 

4 7 6 . 0 

16.0 

120.0 


1 

120.0 

V .000 

b 7 0 .0 

0.0 

0.0 


l 

0.0 

10. 0 0 0 

r*i l o P f D ST 2 4 0-0/0 

2 

6 

1 

0 

1 1 .GOG 

2 4 0 . 0 

54.0 

88.0 


7 

Ci 8 • 0 

12 . GOO 

3 00 .0 

6b .0 

128.0 


/ 

12 8.0 

l 3 .000 

3 6 4.0 

7 5.0 

148.0 


7 

148.0 

1 4 .000 

400 .0 

/ 0.0 

160.0 


7 

248 .0 

1 b .000 

4 7 6.0 

80.0 

192.0 


7 

3 12.0 

1 6 .000 

5 7 0.0 

90.0 

2 16.0 


/ 

2 16.0 

1 7 .000 

SILT F.vD 

ST 240-570 

2 

6 

1 

0 

1 :s . 000 

2 40.0 

54.0 

88.0 


7 

88.0 

1 9 .000 

300 .0 

105.0 

140.0 


7 

264.0 

20 .000 

3 6 4.0 

1 bO .0 

164.0 


7 

3 1 2 . 0 

2 1 .000 

400.0 

14 3.0 

168.0 


7 

336.0 

22 .000 

4 7 6. 0 

160.0 

2 10.0 


/ 

384.0 

23 .000 

57 0.0 

1 80 .0 

2 10.0 


7 

216.0 

2b .000 

TOP API 

51 b 7 0 - 1 b86 

b 

6 

1 

0 

2b .000 

5 7 0. 0 

62 .0 

216.0 


b 

216.0 

2b .0 00 

8 0 0 . 0 

62 .0 

2 16.0 


D 

2 16.0 

21 .00 0 

1 000 .0 

62 .0 

2 16.0 


5 

216.0 

2 2 .000 

1200.0 

58 .0 

216.0 


5 

2b6 .0 

2 9 . 000 

1 400 .0 

bb .0 

2 16.0 


b 

2b6 .0 

3 0 .000 

1 b 7 0 . 0 

0.0 

216.0 


b 

2 16.0 

3 1 .000 

SIDE AFT 

ST 570-1586 

i 6 

6 

1 

0 

32 .000 

5 7 0.0 

14 4.0 

2 16.0 


7 

432.0 

33 .000 

800 . 0 

12 8.0 

220.0 


7 

440 • 0 

3 4 .000 

1 ooo.o 

12 8.0 

220.0 


7 

440.0 

3b .000 

1200.0 

132.0 

220.0 


7 

440.0 

3b .000 

1400.0 

178.0 

232.0 


7 

4b6 .0 

37 .000 

1 b 70 .0 

0.0 

232.0 


7 

456 .0 

38. 000 

3G1 FWD 

ST 240- 1 bB6 

1 

6 

1 

0 

39.0 00 

2 40 .0 

0.0 

0 . 0 


b 

0.0 

40.000 

3 00 .0 

6 .0 

12 8.0 


1 

128.0 

4 1 .000 

3 6 4.0 

10.0 

1 b2 .0 


1 

152.0 

42 . 000 

400.0 

12.0 

1/6.0 


1 

176.0 

43 .000 

4 7 6 . 0 

1 2 .0 

200.0 


1 

200.0 

44 .000 

b 7 0.. 0 

16.0 

2 16.0 


1 

2 16.0 

4b .000 

6oi af r 

ST b 70- 1 386 

7 

6 

1 

0 

46 .000 

5 7 0.0 

16.0 

2 16.0 


1 

2 16.0 

47 .000 

800.0 

.001 

2 16.0 


i 

216.0 

48 .000 

1 000.0 

.001 

244 . 0 


1 

220.0 

49 .000 

1200.0 

.001 

2 40.0 


l 

220.0 

50.000 

1 400 .0 

.001 

232.0 


l 

2 32.0 

bl .000 

1 5 7 0.0 

.00 1 

232.0 


i 

232.0 


5 '? *000 * 

--KJr' HIT - A< F 1 K ; \ bP . 
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6 

0 4.74 

1 

1 

U 1.7b 
1 
1 
1 
1 

G l . 7 d 

1 

1 

1 

1 

1 

1 

0 1.7b 
l 
1 
1 
1 
1 
1 

O 1.22 
1 
1 
1 
1 
1 
1 

0 1.22 
1 
1 
1 
1 
1 
1 

□ 2 . v / 

1 

1 

1 

1 

0 2 • 9 / 
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


TABLE 3.3-4 

DATA FILE OUTPUT (Continued) 



ORE ITER 

BASEL I HE 

TPS TEST 

:rse: 


:,roup 

iHl'IE 

UOUJi'lE 
L U . FT . 

UOLUFIE 
L u Li n 
IN. 

SURFACE 

area 

SQ.FT. 

AREA 
L- it Li u 
I ri . 

FIE I G 
L. ,D 

IOSE L I tF' £00-840 

4 o . 8 

£30 . 0 

■ j 4 . 8 

c! 3 b» 7 

4 a |” ! 

J i UF' 1 F 14.1.1 S 1 ob4~-570 

7160. i 

439 . 5 

1 4 1 7 , 8 

4 c! 3 n »;:.! 

j. 4 1 ? n 3 

f'OP AFT ST 570-1586 

■ j 4 i 3 . 3 

1.0£l . 5 

1 73 1 . 1 

i hJ '4 i’ C 

1 73 1 . 1 

3 IDE RET ST 570-1586 

16390. 1 

1055.7 

1 684 . 4 

i LI *••!• 

1 634 . 4 

30 T FFIjj ST £40- 1 586 

376 « 4 

538.4 

2 1 00 . 8 

946 .. 9 

7; j. 00 a 8 

FOTFiL 

39585. 3 

_ c. 

6 92 8 . 3 

OOC; 

6 936 3 



TABLE 3.3-5 

ACTUAL VERSUS CALCULATED TPS WEIGHTS 



BODY STATION 

AREA 

ACTUAL 

LB/FT 2 

WT-LB 

AREA 

CALCULATED 

LB/FT 2 

WT-LB 

ERROR 

(PERCENT) 

Nose Cap 
200-240 

54 

4.74 

256.0 

54.2 

4.74 

256.9 

+ .4 

Fwd-Upr-St 

364-570 

1442 

1.75 

2523.0 

1417.8 

1.75 

2481.2 

-1.7 

Bottom 

240-1586 

2079 

2.97 

6175.0 

2100.8 

2.97 

6239.4 

+1 . 0 

Aft-Top 

570-1586 

1750 

1.22 

2135.0 

1731.1 

1.22 

2111.9 

-.1 

Aft-Side 

570-1586 

1600 

1.22 

1952.0 

1624.4 

1.22 

1981.8 

+1.5 

Total 

6925 


13,041.0 

6928.3 


13,071.2 

+ .2 
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3.3.4 Program - Table 3.3-6 is a formulaized display of input parameter formats. 
A brief description of each parameter is also included. Following this table is a 
listing of the Stacked Pod Computer program (Table 3.3-7). 


TABLE 3.3-6 

INPUT PARAMETERS AND DESCRIPTION PROGRAM MASTER CARD 


FORMAT 

COLUMN 

NAME 

20A2 

1-40 

NAMEFL 

15 

41-45 

NPD 

10 A 2 

1-20 

NAMEPD 

15 

21-25 

NGR 

15 

26-30 

NIF 

15 

31-35 

NMP 

15 

36-40 

MF0 

15 

41-45 

MAF 


F10.0 

1-10 

FS 

F10.0 

11-20 

A 

F10.0 

21-30 

B 

15 

31-35 

ISH 

F10.0 

36-45 

RED 

15 

46-50 

ICN 


DESCRIPTION 


Information to be printed as heading of output data. 
Total number of pods or Pod Master Cards (15 maximum) . 

POD MASTER CARD 


Title information for each line on pod volume and 
surface area data. 

Successive integers on which pods are totalled for 
data print out (first pod numbered 1) . 

Number of inflection points or Pod Data Cards to 
follow each Pod Master Card (not larger than 15) . 


Multiplier so as to include the number of these 
identical pods used (positive or negative) . 

Forward face of pod as part of total pod surface area: 
Included in surface area 
Not included in surface area 
Removed from surface area 

Rear face of pod as part of total 
Included in surface area 
Not included in surface area 
Removed from surface area 


1 

0 

-1 

pod surface area: 
1 
0 

-1 


POD DATA CARDS 

Reference axis coordinate of pod inflection cut. 


Maximum depth of pod cut. 

Maximum width of pod cut. 

Shape code of pod cut. 

Redundant perimeter between this and other pods when 
restacked. 

Dummy redundancy integer to establish whether redundant 
perimeter (zero or greater) is used in redundance analysis 
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TABLE 3.3-7 
DATA FILE 


C8PY STACKPBO TO IP(KjNC) 




1*_0QQ. 

•Fixed 

2 


2.000 


COMMBN T I # NPDi M aHEPO ( 10/20>/NAMEFL(20)/FS(30/20)/ A 00/20 ) 

3 


3. 000 


1/0(30/201/1 SR 03/ 20)/ZZ( 30) / RED ( 30/ 20)zICN<30/ 20)/CV(30/201 

4 


4.000 


2/CW(30/20)/NmP|?0),MP<20)/N0P(20)/WAP(20># VLP(20)/XWP(20> 

5 


5.000 


3/ X V p ( 20 ) / M F9 ( 20 ) /MaF (20) 

6 


6. COO 


00 20 1*1/20 

7. 


_ _7iQCa 


09 10 J* 1/30 

a 


8.000 


f S ( J » I ) ■ o • 

9 


9. COO 


A { J j I ? ■ 2 • 

10 


1C, COO 


B ( J, I ) *0. 

11 


11. COO 


.REDt J/ I )*0. 

12 


12.000 


CV( Ji 1) *0. 

13 


13.00CL 



14 


14.000 


ISH( J/ I >«0 

15 


. 15,000 

_lo._ 

1CN{ J. 11*0 . 

16 


16.000 


zzm*o. 

17 


17.000 


PAP(I»*C. 

18 


18.000 


VLPU ) *0. 

19 


19. COO, 


X^-Pf I * ?Qi 

20 


20. COO 


XVP( I )i 9# 

21 


... 21.000 


rmpj j ).q 

22 


22,000 


N(F< ! ) «0 

23 


23,000 


NGP ( I ) «C 

24 


24,000 


MF0( I 1*0 

25 


._ 25 , CQQ 

- in 

_n*pn.»«o. 

26 


26. COO 


RE AO t 5/ 900 ) MAHeFL.NPD 

27 


27.000 


oe sc i»i#npq 

28 


23,000 


REaD(5/901) ( NAMEPDt J/ 1 ) / Ja 1/ 10 ) / NQP ( t ) / N1F ( I 1 , NMP ( 1 I/MF6 { I ) /MAF ( t ) 

29 


29.000 


N J P » 4| I F ( I ) 

30 


30.000 


00 30 K*1»NIP 

31 


_ 31 . CCO_ 

._1d_ 

RF ad ( 5/ 9C2J FSK/1>jA(K/T1. B (Kj 1 1 / I SH(K« 1 1/BEDlKi t 1. tCNtK, t 1 

32 


32. COO 

50 

CP K T I^UE " 

33 


33.CC0 


DO 90 II«1,MPD 

34 


34,000 


NIP*MIF(I I ) 

35 


35. COO 


09 60 I ■ 1/ NlP 

36 


36 • COO 

60 

ZZ(D*AU/ m 

37 


37,000. 


— CALL ARPFIL 

38 


38, COO 


06 7C I M/KiIP 

39 


39.000 


A<i/in*zzui . 

40 


40.000 

70 

ZZ( !)•»(!/ m 

41 


41.000 


Call arptil 

42 


42.000 


00 RC I « 1 / N ! P 

43 


43. COO . 

so en,n>.zzm 

44 


44,000 


call *Er>E*E 

45 


45.000 


call coemr 

46 


46.000 


call podi-od 

47 


47,000 

90 

CSMl^UE 

48 


48 .CCO 


JJ » 1 

49 


49,CC0„ 



50 


EC. COO 


lF(NPO.LE.l) GO TO ISO 

51 


51.000 

loo 

1F(\GP( JJ) ,LT»NQP(JKJ) lie T9 130 

52 


52,000 


VLPt JJ)*VLP( JJ)*VLP(JK) 

53 


53,000 


XVP{ JJ)*XVP( JJ)*XVP( JK) 

54 


5*. , COO 


XxPf JJ)»XWP( JUI+XURI JK) 

55 _ 


55.000 . 


_> AP t J j ) * , *AP (JJ1*WAP ( JK ) 

56 


56. COO 


VL P ( J K ) *0, 

57 


57. CCO 


IF ( JK.Oe.NPD) GB Tfi 150 

58 


58.000 


JK * JK* 1 

59 


59,000 


Ga to loo 
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60 

61 

62 

63 

64 

65 

66 
67 
6% 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
61 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 


60*000 

61*000 

62.00Q_ 

'63.000 

64.000 

65.000 
6 6 • OC 0 

67.000 
_6 9 t C00_ 

69.000 
70.0C0 

71 .000 

72.000 

73.000 
74 . COO 

75.000 

76.000 

77.000 

78.000 

79.000 
8Q.CC0 

81.000 

82. COO 

83.000 

84.000 

85.000 

86.000 

87.000 

83.000 

89.000 

90.000 

91.000 

92.000 

93.000 


130 IP< JKtGE.NPD) 00 TB 150 
HO J J ■ JK 

JK-JKM 


09 TO ICO 

iso WRITE <6i 903 ) NAMEFU. 
T9TL 1 “0# 

T0TL ? ■ 0 # 

T0TL3'O. 

T8 TL» , 0t.. 


190 


9o0_ 
9b 1 

902 

903 


9n* 

905) 


D6 190 I ■ l< NPD 

iFcvL**m»co«e*i..o® m iso — 

XV.XVHt t l/VLPI I ) 

xz.x'a^u i/wAPi n — 

VL P ( I >«Vl p I! 1/1728# 

_XVP( 1 >»XVP< I )/J728j 

Xi'JP ( ! >-XWP( I 1/144# 

WAP{ I ) • <JAP ( I )/144# • 

WRITE I fci 904) |fJAMEPD(Jj ! )# JMj iOUVLPt I )*XY#WAP(I )aXZ 

TBTU , T‘*TL1*VLP( 1 ) - - 

T9TL2*TfiTL? + XVP( I ) 

TOTLS^TOTLi+XWP ( I 

T0TL4*T9TL4 + ^AP( I ) 

C0STJNUF ... • — 

XY«T0TL2/T0TL1 

XZ»T0TL3/T0Ti 4 

WRITF<6»905> T0TL 1 # XY# TBTL.j XZ 

FPR^*T( poa?# T 5 1 - 

FBR^AT ( ICA2»SI5) 

FpRMAT( 3F10.0 i 15*Fl0#0# 15) , 

F0RMAT (il> ////25X# P0A2///10 X# IGR8UPU18X# *VBLUME*a 3X# tVflLUME* 
K, 3X, I SURFACE I J 5X» « AREA */10X# I NAME • t 30X# *C»G» U*X# UREA* _ 

&# & X « *t#G# */3 rX# iCU#FT# U 6X# • I N# • a*Xj ISQ#FT«*#6X# • IN# »//> 

F0R“AT( 10X,10A2#XaF8.1#F9,1#F10#1jF9#1/) 

F?R'iAT(/lOX#iT0TAtiil3XAFll#ljF9«lAFlO»l<F9#l) 


94 ■ 

94.000 


STOP 

95 • 

95.000 


EvD 

96 » 

96.0C0 


SUBR0UTIKE ARRFlL 

97 • 

97 • COO 


C0MM9N n,KjPn#NAMEPD(10A2i 

98 ■ 

9R.0C0 


1#9(3C<2C)« JSm(33#20)#ZZ(3i 

99 • 

99.000 


2#CW < 30# ?0)#MMP(20).N!F ( 2C 

100 • 

1CO.OCO 


3#XVP(HO)#nF0(2O)if*AF(2O) 

101 • 

1C1 .COO 


NIP«nIF(I I ) 

102 * 

102. CCO 


NIPL«N!P*1 

103 • 

103.000 


NJPP.NJP+l 

104 * 

104.000 


D9 5 I »\ I PP # 30 

105 ■ 

‘105.000 

5 

zzn )«o. 

106 • 

106. COO 


lJK»l 

107 • 

107.000 


D0 10 l «1|NIP 

108 • 

ICR. COO 


! F ( ZZ ( 1 1 «LE • 0# 1 QB TB 10 

109 • 

1C9.000 


I JK« I 

110 * 

iio.oco 


G9 T 0 15 

1 1 1 • 

111.000 

id - 

continue 

112 • 

112.000 

is. 

IF(IJW.LE*21 06 TB 35 .. 

113 • 

113.000 


IJJ-I JK.l 

114 • 

114,000 


VAU»FS(U<#M)»FS(ljni 

115 • 

115.000 


00 30 I ■ 2/ 1 J J 

116 • 

116.000 


VALL^SMa JII*FSL1*JU 

117 • 

117.000 

30 

ZZ(I >*ZZ( I JK)*VALL/VAL 

118 • 

118. CCO 

39 

IK»|J**1 

119 • 

119. COO 

40 

C0 5C 1»1K#N!PL 

120 • 

1 20.000 


JF (ZZ( I ) #UT«0« 1 Q 8 T8 50 
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121 

122 

-121 


121 . 000 _ 
122.000 
123x000. 

-So. 

IKK*J 
SB T9 60 

-CONTINUE 

124 


124.000 


RFTUHN 

125 


125.000 - 

- 6 a .... 

„IKKP*IKK*l .... 

126 


126.000 


I KKL * IK <» 1 

127 


127. COO 


— DP 70 J«!*KP,MIP 

12A 


128.000 


IF<7Z( Jl.LE.O. ) QO TB 70 

_ 12 ? 


— . 1 29 1 C 0 Q_ 


_U<»J . . 

130 


130.000 


09 T 8 75 

131 


131.000 

7 a 

C9NT 

132 


132. 0C0 


GO T 8 80 

133 


133.000 

7*5 

DEU« ( ► s ( IKK, t n.FS ( JKKLl 1 1 > »/(ES( JK, I I ),FS ( IKKL, I m_ 

134 


134, CCO 


ZZ(T«K>.ZZ(1KKL)40FL*(ZZ<JK)-ZZ( JKKU j 

1 3 *5 


_ 1 35 . C0Q_ 


IK ■ TKK + 1 __ __ 

136 


136.000 


IEMK.GE.NIP) RETURN 

137 


137. CCO 


GB T 0 43 

138 


138. COO 

80 

VAL«FS(MtP,lt).rS(!KKL.ll» 

133 


139.000 _ 


IF ( VAU.tQ.O. ) RETURN 

140 


140.000 


D 8 85 I ■ ! <K, N I PL 

- 141 


— 141.000- 


— VALLstS 1 NIPjI11»FS( 1,.HL 

142 


14?, COO 

85 

zzm«zz( i kkl )«vaul/val 

143 


143.000 


RETURN 

144 


144,000 


END 

145 


145.000 


. SUBROUTINE REDEYE 

146 


146. COO 


C9MMQN 1 1 , NPd, NaMEPD (10a 20 ) j NAHEEL ( 20 ) ,ES ( 30, 20 ) , A (30.20 ) 

_ 147 

* - 

_ 147.C0Q_ 


_l/3 ( 3C, 23) /.ISM (30/ 20), ZZ (3QL.RED ( 30, 20). 1CN (30. 201<C16i.30*20X_ 

143 


149,000 


2. CW( 30, ’0>,NmP( 20) jNtF(20),NGP(20)/W*P(20J, VLP(20),XWP«20) 

149 


149. COO 


3,XV e (2O), M F0(2O); M AF (20) 

150 


15C.C00 


NTP«K»IF ( I I ) 

151 


151.000 


LLL*-1 

152 


162. COO 


D9 IF 1*1, NIP 

. 153 


_ 153 • CCQ_. 


_ i n i c n ( i , i j i .STxCi_aa-J9...m 

154 


154. COO 


RED(I,II)*.l. 

155 


155.000 


G9 T9 15 _ 

156 


156.000 

To 

LLL-LLL+) 

157 


157.000 


KEEP2*I 

15 a 


153.000 

15 

C9NTINUE 

159 

« 

159 . Q0Q_ 


-IF_1LLW,L£.0) .return 

160 


160. COO 


De 30 1*1, KFEP2 

161 


161.000 


IF(REOU/ln.LT»Q».J,QB TB 30 . 

162 


162.000 


1KEEP1M 

163 


163. COO 


G9 T9 35 

164 


164.000 

30 

CONTINUE 

.. 165 


1 65 , COQ 

35 

..IK* I KEEP 1+1. _ 

166 


166 .COO 


1 J*!KE£P2.i 

167 


167.000 

40 

DB 50 I. IK, I J 

168 


168.000 


IE ( RE 0 ( t , I I ) .GE.Oi ) 06 TB BO 

169 


169.000 


IKK# I 

170 


17C.000 


GO TB 6C 

171 


-171. COO- 

.50 

-CONTINUE 

172 


172. 000 


peturn 

173 


173.000 

60 

IKKP*IK<*1 

174 


174.000 


Ikkl«Ikk.i 

175 


175.000 


D9 70 J* I KKPj 1KEEP2 
IF(RFU<J,m.'LT.O.) 06 TB 70 

176 


176.000 


177 


-177,000 


UK* J 

178 


178.000 


G6 T9 75 

179 


179.000 

70 

continue 

180 


180.000 

75 

DEL* (ES( I*k, 1 1 )«FS( I KKL, 1 1 ) ) / (ES ( JK, 1 1 )*FS ( I KKL, 1 1)1 

181 


181 .000 


RED (IKK, n )«RED( I KKL, 1 1 ) *DEL* (RED < JK, I J >-REO < I KKL, 1 1 ) I 
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TABLE 3.3-7 
DATA FILE (Continued) 


182 • 

182*000 

183 * 

1 8 J* • 

183*000 
184*000 

185 • 

185*000 

186 • 

186*000 

137 • 

187*000 

18% • 

188. COO 

189 • 

189. COO 

190 • 

19C.000 

191 • 

191*000 

192 * 

192. OCO 

193 * 

193*000 

194 • 

194. CCO 

195 • 

195*000 

196 • 

196*000 

197 « 

19 7* 000 

198 • 

198.000 

199 * 

199*000 

200 • 

200.000 

201 • 

201*000 

202 • 

202*000 

203 • 

203. OCO 

204 • 

204. CCO 

205 • 

205.000 

206 • 

206.000 

207 • 

207.000 

20% • 

208.000 

209 • " 

"2C9.000 

210 • 

210.000 

211 • 

211.000 

212 • 

212*000 

213 • 

213.000 

214 • 

214,000 

"215 * " 

215,000 

216 • 

216. COO 

217 • 

217.000 

21% • 

218. COO 

219 • 

219*000 

220 * 

220.000 

'221 • 

*221.000 

222 • 

222. COO 

223 • 

223, CCO 

224 • 

224,000 

225 • 

225. OCO 

226 • 

226,000 

227 • 

" 227.000 

228 • 

228.000 

229 • 

229 • COO 

230 • 

230.000 

231 • 

231*000 

232 • 

232.000 

233 •' 

233.000 

234 • 

234,000 

235 • 

235.000 

236 • 

236.000 

237 • 

237,000 

23% • 

23%. COO 

239 • 

"'239.000 

240 • 

240 • 000 

241 • 

241.000 

242 « 

242.000 


_|K • t KK* 1 . . 

IF(iK*lT.IKECP2) 

RETURN 


Oft T9 4 0 


21 


2? 


23 


2k 


25 


26 


END 

CQMMeN 1 { Y/ NPn< NA^EPD ( 10i 20 NAHEFLi 20) *PS( 30*20 1 ( 30* 80 ) 
l#B(30/22l/ !SH(30/20)iZZ(30)<REO(30* 20J»lCN(30»20lliCV(30#20) 

2jC^( 30* ?0)iNMP(20 ) jMF(20)#NGP(20>»WAP(20)#VLP(20)«XWP(20> 

3i X VPJ HOJu MF0jp0)/M*F(20) .... - 

EL< (X > ■ ( ( < *.?206*X)*.6455)*X4.146) , X'».9987 

N I P - N I f < I I ) 

Dft k 0 I ■ 1 J N 1 P 

IP(!SM(IiIl).LE»C»fiR*ISH(|/m»GTiia) G8 T8 40 

IF ( A < I J 1 1 ) .LF.Ot ) *( I j 1 1)» *000001 

_ IF (9< \t ! I ) »LF» 0 • ) B ( 1* 11 ). .000001 — 

G^TB^lrli??! 23# 24. 25. 26. ?7 j 28.29*30.31* 32# 33. 34# 35. 36. 3?# 31)* |CTT 
CVU.Il )«1. 

cwd.ii >»2. — 

G8 TB *.0 

Cm< \U 1 >.2^SQRTU« ! i ll )*«2«B(i J 1 1 )••*)/( A( Ii II l*®< 1 * 1 H ) 

09 T8 4C ........ - — ~~ 

' CV(IiII)»*5 

CCW*SURT ( 4 . *4 ( Ii 11 ) •*2*B I Ii 1 1 )**2J 

cwUiin»(B(iiU>*ccw)/(A(ijii)*8ii*nn 

GO TO 4 ? 

C V ( Ii II )».78B 

X«B( P 1 ! )/A< t « I 1 ) 

IFIX. GT.lt ) X»l./X 

CW(I 1 II)»2.*FLK<XJ/(X41|> 

GO TB 40 

CVC Ii II )»*78«. . 

xx«B<ii n i/A < i * 1 1 1 


X»B< Ii 1 1 )/(2 .*AI I j ! I > I - — — 

IFIX.UT.lt) XPl./X , 

Cm< I. 1 1 )■( XX4FUX IX)4<XX*2» )/|X*l» ) )/(XX4|* I 
G9 TB 40 

CVI Ii II )-.7«S _ 

XX»B < li ill/A! iil I I 
x#?.*tt<iiin/i3.*A(!i!in 
1F(X, GT.lt) X-l./X 
C1»FLXIX)*IXX+1.5I/(X41«) 
X»2«*BUil!>/An*I!) 

IFIX.OT.lt) X»1.XX 


C2«ELX< X)«(XX4«5)/(X41.t 
CW(ti l! )»(C1*C2)/(XX41. I 
G3 TO 40 

27 CV« I » 1 1 > • «<»8T 

X»8( ! i 1 1 ) X*( 1 i 1 1 ) 
lFIX.GT.l.) X-l./X 

Cwltill )»1.5*.5*El.K(X)/lX*l» I 

GO TB 40 . ._ 

28 cvn, n i-.94ft 

xpaUiin^Aiiiii) 

IF(X.GT.lt) »«l./x 

cm n i n >«1.»FLX(X )/(X»1 «1 

GO to 40' 

20 CV CtiII»«« 

XX. B( Ii 1 1)/A( Ii 1 I) 

X-2,«F( I, m/ACIil t > . 
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TABLE 3.3-7 
DATA FILE (Continued) 


243 • 

243.000 


244 « 

244,000 


2*5 • 

_245.QOO 


246 • 

246.000 

3n 

247 ■ 

247 . 000 


243 • 

248 » COO 


249 « 

249 i CCO . 


250 ■ 

250.000 


25i_*_ 

..251 .COQ_ 


252 - 

252.000 

3 1 

253 ■ 

253 , 000 


254 • 

2 U 4 . OCO 


255 • 

255 , COO 


256 • 

256 .COO 



_ 257 

258 

259 

260 
261 
262 

263 

264 

265 

266 
267 
263 

_?69 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 
281 
282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 
293_ 

294 

295 

296 

297 

293 
299. 

300 

301 

302 

303 


IFIX.bT.l.) X«l,/X 

CWII, I t )•< l.*2< * ELK(X).(XX+. 9) /(X+ !,))/( XX+1.) 
00 T9 4 0 


.. 257, CCQ. 
253, COO 
259, COO 
26C.000 
261,000 
262,000 
_ 263,000 

264.000 

265.000 

266.000 

267.000 

268.000 
_ 269 , CCQ_ 

270. COO 
271 iCOO 
272, COO 

273.000 . 

274.000 

. 275,000.. 

276.000 

277.000 

278.000 
279. OCO 
280. COO 

_291 ,000_ 

232.000 
283. OCO 

284.000 

285.000 

236.000 

. 287. COO _ 

288.000 

289.000 

290.000 

291 , CCO 

292. CCO 
293, OCQ 
294, CCO 

295.000 

296. COO 

297. CCO 

298.000 
299, CCO .. 
3CO.OCO 
3C1 .OCO 

302.000 
303. COO 


.12. 


33 


CV (!#!!)■ *833 
- XX-BI !j II )/A(1j 11) ... . 

X«4.»H( l,II)/(3i‘*(!,mi 
.IFIX.bT.l,) x«l,/X 

CWU, 1 1 ) . ( .5*?,*ELK(X)*(XX*«7S)/(X*t # ) J/(XX*i, ) 

_Ga_ie..4c 

evil, II). ,366 
X*3 1 1# 1 1 )/A( Ji II ) 

IFIX.bT.l.) X*l./X 
. CWU, II >»,54| ,5*LLK(X)/{X*1. ) 

G9 T0 4 

ill 11 1§»7.26 

CC*.SbRTt4,«A( I. 1 1 )**?♦«( I> 1 1 

C3M81 1, 1 ! )«CCW1/(a(!j 1 1 >*8 <!.!!)) 

x«8i mu/ktu id 

IFIX.bT.l.) X»1 ,/X 

CW( 1 , 1 1 )«,5*C34ELK(X)/(XM, ) 

J3a._Tfi.J3. 


34. 


35 


36 


37 

-3(L. 

40 


Cv 1 1 , 1 1 )», 764 

CCW.S'JKt ( 4, »A ( I, I I )*«2*B( m n*«2) 

C3«(b(!,ii)4ccwi/iaii, in*Bcijim 

-X.8(I#1I)/A<I,II) 

IFIX.bT.l.) x* l ,/x 

— CWMilIJ»C3/3tt4**£LKUIl/{3i»X*3.) 

GO T9 40 
CVdi JI).,67 r 

C2»?»*SJ0T(A(Ia!I ) »*2*B ( I « Y 1 ) **2)/( A< I « 1 1 ) +6 ( I « ! 1 ) V 

X«9( I< I I )/a( Ii 1 1 ) 

IFIX.bT.l.) X.l./X 

-CW.C.I $ III s • 5 # C2*EU<LX1Z1)S.*1_» 1 

G6 T9 40 
CVII, II). .719 

C2«?, ‘SORT ( A ( I, I I)«*2*8( 1,11 )**2)/(A(I.M)4B(I,lI ) ) 
x«9( PII) /A (Till) 

IFIX.GT.i.j x ■ 1 , /X 

-C^ili-Ll 1 «C2/3i>4,»ELXlXlZia.fX*aU 

G9 T 8 40 “ 

CVI l, 1 1 )..7*s 
X.9 I I * 1 1 ) / A 1 1 , 1 1 ) 

IFIX.bT.l,) X-l./X 

cu 1 1, 1 1 )«i.*flk(X)/ix*i. ) 

GO T9 4:j_ 

CVI I, I I )., 94 9 
X«B( t# 1 1 )/A( I, I I ) 

IFIX.bT.l.) X.l./X 


Cw( I, 1 1 ) «1.5*»5*El.K(X)/(X*l« ) 

GO T9 4: 

..CYU<m«*5 

cwn, M I-I.+SQRTIAII, II )*#240 (Ia II)*«2)/(A<IaI|)*8(IaIIM 

C0 N T I Nue 
CALL LCF ILL 
RETURN 

END ' ' 

_SU9RSUTIKE.CCF1LL 

Common t PNPD,NAMEPDll0i20>,NAMEFL(2OI.FS(36i2O)iA(30>20) 
1/B(30»2C)/ ISmI 30.20), 2ZI 30 )« RED (30a 20). I CM I 30, 20 ). CV ( 30a 20) 
2#C4( 30, »0I jNmPJ ?0) .NIF (80 ) ,NGP( 20 ), WaP (20) t VLP I 20 ) » XWP ( 20 ) 
3iXvP(20),MF9(20),MAFf20) 
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TABLE 3.3-7 
DATA FILE (Continued) 


307 

307,000 D 

308 

308,000 1 

309 

309.000 1 

310 

310,000 I 

311 

311.000 0 

312 

312. OCO C 

313 

313. COO 20 C 

31* 

314,000 G 

315 

315.000 30 C 

316 

316. COO R 

317 

317.000 40 t 

318 

318.000 I 

319 

319. CCO ' 

320 

320.000 ... 1 

321 

321.000 c 

322 

322.000 60 1 

323 

323. OCO 1 

32* 

324, COO t 

325 

325.000 

326 

326.000 

327 

327. CCO 1 

323 

328.000 60 1 

329 

329. COO 90 1 

330 

330. OCO 

331 

"331, COO lOO 

332 

332. CCO 

333 

333. COO 110 

33* 

334.000 

335 

335. COO 

336 

336. COO 

337 

337. COO 

333 

335.000 

339 

339.000 

3*0 

340.000 

3*1 

341 ,COC 

342 

342.000 

3*3 

" 343. COO 

3*4 

344, CCO 

345 

345 « COO 

346 

346.000 

3*7 

347.000 

3*3 

348, COO 

3*9 

349 . CCO l?0 

350 

350. COO 

351 

351. OCO ISO 

352 

352.000 

35 

353. COO 1 40 

35 

354, OCC 145 

35 

355 . OCO 

35 

356. OCO 

35 

357. COO 

35 

358.000 

35 

359.000 

36 

360.000 

"" 36 

361.000 

36 

362. COO 

36 

. 363.000 

36 

. 364,000 


q» tp »o 


30 J«2,N1P 
<»!JK+1 


GB TO 30 


20 1 J 

(<,11) •cwiiJKi.LL! 

(<,l!t>CV(!JK,in 

TP 40 

mt jnuf: 
turn 

< t J*.UE»NIP) RETURN 


GB TB 60 


T9 49 
JF ( JK»GE»NJPj 


GB TO 90 


. so. ! ■ 


JF (CW( 1,1 1 ) tl_E»0, ) 
t JJ«1 
G0 TO HO 
CONTINUE 
DO 100 K» I K, Nl P 

cv ( <, 1 1 )«cv( t JKtLLi 

"cwoc, in»CR< i jk, 1 1 > 

RETURN 

NE*t JJ*IK 

EP«A( I JK, 1 1 )*BU JK. 1 1 ) 
RP»i ( 1 JJ, 1_!J*P I I JJ..111- 


GO TO NO 


F M ■ H 1 J<,i 1 )*B( I JK. 1 1) 
ri«* 1 1 j ji 1 1 ) «b n JJi 1 1 1 - - - 

DELCV*CV< I JK, ! I)*CV< tJJl II • 

DO 145 <«1,NF - - 

XBL • < 6 S < KK, 1U.FS < j JK,J J H Zi FS ( 1JJ,11J«FS< LJK-i-UU 

X8LM»1«»XBL . , , . , 

AX.* ( I JK, 1 1) 4X01* ( * (I JJ/ J J >•* { *£» 

ABX.AX.BX 

IF(DCUCV) 120,130,140 ... . « rl ru.ry/iR»' — 

CVtKK, I 1) *CVU JJ, 1 1 )+X 0 LM** 2 « 0 ELCV«FM/ABX 

GO TO 145 

CV(KK, 1 n *CV< 1 JK, I ! ) 

CV (KK, 1 H ■CV ( I JK, 1 1 ) •X 8 L** 2 *DELCV*RM/*BX 

CONTINUE - “ 

■ 1 JK * 1 JJ 

GO TO 40 ' - 

RETURN 

END - - 

_co?mon T ! hnpo ?na_Sepd_(1_o, 20 > ,n*mefm 20 ! J ^CNl3o!2M7CV'no7kF 

ilci?3SfiS'>iSSi?So??it“2O?#NOPcio>IwA*»Uo*#VUP|*O»#»C^C20l_ 

3,XVP(20), M FB(20)# M A F '<20> 

NJP.NIF (11) 
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TABLE 3.3-7 
DATA FILE 


365 • 

365,000 


366 • 

366.000 


367 • 

367 1 CQQ_ 


368 * 

368,000 


369 • 

3E9 , COO 


370 • 

37C.0C0 


371 • 

371 ,CC0 


37? • 

372,000 


373 • 

373,000 


374 * 

374, CCO 


37b * 

375. CCO 


376 • 

376. CCC 


377 * 

377. CCO 


379 • 

378, CCO 


379 « 

379,000 

in 

330 • 

380.000 


391 • 

331, COO 

15 ... 

382 • 

382. COO 

20 

. _ 393 • 

383. CCO 


384 • 

38*. COO 


39b * 

3 85 « CCO 


386 w 

3 86 • CCO 


387 • 

337. OCO 


388 • 

333. OGO 


389 * 

389, CCO 


390 • 

390 i OCO 


391 * 

391.000 


392 • 

392, OCO 


393 • 

393. COO 


394 • 

394,000 


395 • 

395. CCO 


396 • 

396 .CCO 


397 • 

_ 397 . CCO 


398 • " 

398,000 


399 • 

399, CCO 

35 

400 • 

ACC. OCO 


401 * 

*01.000 


402 • 

4C2 .000 


403 • 

.803. OCO _ 


404 • 

AC4.000 

45 

405 • 

AC5.CC0 


406 » 

*06. OCO 


407 • 

407.000 


409 • 

*08. CCO 

50 

409 • 

.*09.000 


410 • 

*10.000 


411 • 

*11.000 

55 

412 • 

*12.000 


413 • 

*13.000 

60 

414 • 

*1*.C00 


415 • _ ... 

*15?Q0Q_ 

7n 

416 • 

*16.000 


417 • 

*17,000 

i 

418 • 

*13.000 

75 i 

419 • 

*19.000 


420 • 

*20.000 

80 

4? 1 « 

*21.000 


422 • 

*22.000 

1 

423 • 

*23,000 

1 


NIPl-NIP.l 
XM*NMP(f I f 
A AP»n« 


X*p.c» 

DS 20 I *1,NIPI 

DAx»rs{ r^i, m.rsiijin 
.VL If A I ! , 1 1 ) *B ( 1, 1 1 ) 
VL 2 -A 1 I, I I )* 8< 1 + 1 , 1 1 J 
_VL3* A * 1*1 * J 1 1 *B ( I , LLL 


VL*«A< !*l, 1 1 )«Bi( 1*1, It > 

If < CV ( I, j I) ,ge, C v< i*i, ID) Q B TB 10 

VLL* 0 *x*(CV( 1*1, 1 1 >*(V|,2*VL3*a.»Vl>)*a.*CV< J,li )*VL1 )/6i 
XVVDAX..2.( C V( 1 + 1, 1 1 ) • ( VL2*VL3*3, *VL* )*CV( I, ! I ) # VL1 1/12. 

G(? T8 IS 

_YLL»D A **(CV! !jH )*{2,*VUl*VL2*VL31*2,*CVM + t4lIl#vui/6»._ 

XVV.0AX..3.(CV(|,I I )»<VLi4VL2*VL3)*3,*CV( 1*1, 1 1 ) *V|.* )/12. 

VL p ( n ) *VLP( I 1 IAVLL 

XVP| 1 1 )«XVP( f J )*XVV*VLL*F8(1« II ) 

VLP( I I ) fXMoVLPn 1 ) 

XVP (JI) .XM«XVP(t I ) 

-If I **?(!!> .Lt-id RETURN-. 

De *5 I ■ 1 , N l PL 
DAX.rsd+i^in.Fsri,!!) 

pi»cw( i , n >*(*( i, j iiabiii m n 

P2»Cw( |*i/ n )*(A( 1*1, j n*B( 1*1, II) » 

WPX»DAx» ( P l +Pp ) /2i 

XPP.[)AX.#2.(pi + 2,*p2)/6 f 

AKEAF'CVI I, I 1 )*A( I, I J 

APFAA«CV( 1*1, in«A(Ui # ln*B(l*i«i!) 

WPY«A w F af-arfaa 

Wpp«$l;w-j’(^px*#2+wpy»*2) 

W A P ( I I ) ■ V A P ( I I ) + W Pp 

XWP u I) aXMP( f | ) +XPP»WPP/UPX+WPP*FS( I j! I ) 
If<RFU(tiln,LT.O.> GO TO 45 ~~ 

If (PFOt 1*1 , I T ) iLT.Oi ) G0 TB 45 
AAP.D*X.(KFO( Id I)*RED< 1*1,1 1 n/2, 

XAP.DAX.#2*(9ED(Ii I I >/6»*RED( 1*1, II >/3») 

WAP ( I I ) »/.AP( t l ) «AAP 

X.P( II). X WP( M1,xap-aAP«FS{IjII1 

CeiMTINUF " 

ENDS«0. 

ENO^ULaC, 

JF ( MFB { J J ) ) 55,60/50 
EnDS*Cv ( 1, n >«A( 1, 1 1 )*B( 1, 1 1 > 

E , '.Omijl»£nDs»FSM, Ml _ 

G9 TO 60 

ENDS* *C7 ( 1, I f»*A( 1, I I)*B( 1, 1 11 
EnD m UL*e \'DS*FS(i, 1 1 ) 

VET»CV<\!P, 1 1 )*a(NiP, I n *8 (NIP, in 
IfC'AMlIII 75,80,70 

ENOS,ENDS*YET 

EnDM(jL*£NOMUL*YET*FS (NIP, 1 1 1 
G9 T0 80 

ends*enos*yet 

ENDYUL«fn!JMIJL*YET*FS(NIP, 1 1 ) 

WAP ( I I ) »XH* ( W'AP ( I I 1 +ENOS J 
X JP( 1 ? i » X M * ( XWPJI 1 )*ENO*UL) 

RETURN ’ 

END 


) 
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3.3.5 TPS Model - The TPS model that has been incorporated into the sizing 
program is in modular form. This allows the user to replace the model with 
another method of his choosing with a minimum of effort. 

The first assumption made in formulating this model was that the unit weights 
will be derived outside the program based on materials selected, cross range, 
nonoptimums applied, etc. Typical unit weight for this type of derivation can he 
seen in Table 3.3-8. These unit weights will then be ratioed as a function of 
A(W/S)l/8 to account for small changes made to the baseline. Assuming that heating 
time (6) is unchanged by small changes in vehicle weight (20 percent or less) , the 

derivation of this ratio is as follows. 

The total heating (Q) is directly related to the reentry vehicle weight 
AQ * A(W/S) as noted in NACA Report 1381. The thermal protection system weight 
is directly related to the total heating and heating time (AIAA 68-757) : 

a(w tps ) * (Q 1/8 e 3/8 ) 

Thus, for negligible heating time changes, the weight relationship becomes: 

A(W T p S ) 1 (W/S) 1/8 

through substitution. These derived and adjusted unit weights will then be 

applied to the appropriate areas of the body. 

In order to keep the input data at a minimum, the next logical assumption was 
to constrain the number of body areas to be considered by this model. All vehicle 
bodies inputed into this model shall consist of nine sections, Figure 3.3-14. The 
waterlines distinguishing what is top from what is side from what is bottom are 

free to be chosen by the user. 

There are two methods by which the body areas can be incorporated into this 
model. The first is by simply inputting areas derived outside the program. The 
second is to have the program calculate them.implementing the stacked pod method. 
At a glance, the first method seems totally constrained, allowing little, if any, 
flexibility. However, there are many ways to input the same information to the 
computer. Table 3.3-9 displays three possible options for inputting the center 
section of the body into the model. The second method of area incorporation not 
only has all the advantage of the stacked pod method,but it also has the added 
distinct advantage of being able to stretch or shrink the baseline and to reflect 
these changes in length in the body TPS weight. In order to accomplish this, the 
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TABLE 3.3-8 

ORBITER TPS WEIGHTS SUMMARY 
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user inputs the body station at which he wishes the stretching or shrinking process 
to begin along with the length change desired. These changes in body length are 
assumed to be constant cross-sectional area changes. Table 3.3-10 displays the MDC 


Orbiter,both stretched and shrunk 20 in. 




m (SHADED AREA NOT COVERED BY TPS) 


FIGURE 3.3-14 TPS MODEL 


TABLE 3.3-9 
TPS INPUT OPTIONS 


METHOD 

C-TOP 

AREA 

(FT 2 ) 

2 

LB /FT 

C-SIDE 

AREA 

(FT 2 ) 

LB/FT 2 

C-BOT 

AREA 

(FT 2 ) 

LB /FT 2 

C-SECT 
TOT. WT-LB 

I 

100 

1.0 

400 

1.0 

500 

1.5 

1250 

II 

0 

0 

500 

1.0 

500 

1.5 

1250 

III 

0 

0 

0 

0 

1000 

1.25 

1250 
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AREA AND WEIGHT CHANGES DUE TO a LENGTH 

ORE I TER: BASEL I ME TPS TEST CASE 
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The third assumption made in this TPS model was that all the aerosurface 
areas would be calculated outside the module and that they would be input as total 
projected areas along with their appropriate airfoil constants. These airfoil 
constants can be obtained from Figure 3.3-15. 



FIGURE 3.3-15 AIRFOIL PERIMETERS 


The perimeter of the airfoil is calculated from the point of intersection of 
the chord line with the leading edge radius, back to the station in question by 
taking the value of p from the curves (or by extrapolation) and substituting it m 
the equation P = (p + Sta. in % C) x C. To obtain the perimeter between two 
stations, take the difference in the calculated values of P for each station. 

After obtaining the total wetted area of the aerosurface in question, the leading 
edge wetted area is simply a percent of this area. Like the body, the aerosurface 
area sections have been constrained. Figure 3.3-16 shows the two aerosurface 
sections considered in this model. 
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The wired in provisions for adding miscellaneous constant weights and a 
miscellaneous aerosurface control lend additional flexibility to the user who 
wishes to include such items as windshields, additional aerosurface controls, etc., 
in. the total TPS weight. 

Although all TPS weights previously discussed were of an external nature, 
provisions have been made for the calculation of internal insulation weights. For 
the sake of simplicity, all the unit weights as well as the areas for the internal 
insulation weights will be derived outside the program* 

Table 3.3-11 is a computer printout of the MDC Orbiter, using inputted body 
areas while Table 3.3-12 is a printout of the same Orbiter using the stacked pod 

method. Following the printouts is a copy of the respective data files (Table 
3.3-12). 

Table 3.3-14 is a formalized display of input parameters required when running 
a case where the body areas are inputted. Table 3.3-15 is a similar list of param- 
eters required when running a case where the body areas are calculated using the 
stacked pod methodology. Following this table is a simplified flow diagram (Figure 
3-3-17) and a listing of the computer routine (Table 3.3-16). 
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TABLE 3.3-11 

ORBITER BASELINE TPS TEST CASE 


TPS HEIGHT SUMMARY 


ITEM 

AREA 

WEIGHT 

MDSE COME 
FWD SECT. 

CT. SECT. 

AFT SECT. 

BODY IMT. TPS 
CONSTANT 

54. 

1442. 

0. 

5429. 

371. 

216. 

2531. 

0. 

1 0293 . 
2456. 
347 6 . 
275. 

TOTAL BODY 


19247. 

WING 
WING LE. 

4774. 

299. 

9075. 
2792 • 

TOTAL WING 

• 

1 1367. 

TAIL 
TAIL LE. 

799. 
y o * 

936. 

406. 

TOTAL TAIL 


1392. 

MIS C. S. 

0. 

0 

LAMD+DOCK TPS 


300 

PROP. TPS 


1332. 

PRIME PWR TPS 


39. 

HYDRAULIC TPS 


77. 

SURF. CONT. TPS 


118. 





T CTRL 

TPS 



34472 


1 . ooo 

1 4 

230 . Ei 

0 . 0 


52.0 193 

525. 0 


c . 000 

URB I TEF! 

BASELINE TP 

S TEST 

CASE 



000 

4 . 74 

54.0 


1 . 75 

1 442 . 0 

0 . Ei 


4 . 000 

0. OO 

Ei . Ei 


0.0 

1 . c'2 

1750. 0 

0. 

5. 000 

2.97 

2 Ei 79. 

, Ei 

6 . 6 

371.0 

275.0 

i. 

o 








6. OOO 

. 059 

9.3 


1 . 23 

439 . 0 

. 099 


6 . 500 

0. Ei 

2. 02 


c. • Uc! 

0 . 0 

0 . 0 


7.500 

1.0 

0 . 0 


0.0 

1 362 . 

89. 


3 . 500 

1.0 







''I r if!!*1 








0 . 0 
1 ■ Cl»- 

1 . 895 


4 .61 

3476.0 


0 . 0 
i 60 

351 

0 . 0 
300 

1 13 
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Group 

HftME 

UOLUME UOLUME 
CU.FT. IN.' 

SURFACE 

AREA 

SQ.FT. 

AREA 

C. G. 

IN. 

WE I Cl 
LB. 

HOSE CAP £00-240 

43. £ £30.0 

54. £ 

££6.7 

£57.7 

U TOP FWIi ST 364-570 

7 1 60 . 1 433 . 5 

1 4 1 j' . y 

4£5. £ 

£488.9 

TOP AFT ST 570-1586 

541 5-. 5 1 0£ 1 . 5 

1731. 1 

1047. £ 

£ 1 1 8 . 4 

SIDE AFT ST 570-1536 

16390.1 1055.7 

1 Sc! 4 • 4 

1069.4 

1987.9 

EOT FHD ST £40-1586 

576.4 53£ . 4 

3 1 00 . 8 

_ 946. 9 

6 £58. 6 

TOTAL 

£9585.3 888.9 

6933.3 

888.3 

13111.5 


TABLE 3.3-12 




TPS WEIGHT SUMMARY 




I TEM 

AREA 

HEIGHT 


BODY-EASE 

BASE 

BODY IHT. TPS 
CONSTANT 

371. 

1 

3112. 
c!4 7 fc! . 
3476. 
c! ■ 5 . 


TOTAL BODY 


1 

934 1 . 


WING 
WING LE. 

4774. 

£99. 


9076. 
£81 1 . 


TOTAL WING 


11886. 


TAIL 
TAIL LE. 

TOTAL TAIL 

MIS C. S. 


8 00 . 


937. 

407 . 

1394. 


tf . 


LANH+UOCK TPS 
PROP. TPS 
PRIME PUR TPS 
HYDRAULIC TPS 

surf. cunt, tps 


300. 


119. 


TOTAL TPS 
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:0 £ - 62 0 • 0 S • 0 

.0 0.0 138c- 

10 0 20.0 570.8 

10 ORE ITER BASELINE TPS TES 

>0 HOSE CAP 2067840 

10 £ 00.0 0.0 _ 0 ' 

10 £40 • 0 70 . 0 1 ' 

:iq u top run st 304-570 

:i 0 364.0 0.0 ^ 

[10 400.6 26.0 88 

[10 476-0 16.0 140 

:i0 570.0 0-0 _ 0 

50 H TOP FUD ST £40-576 
50 £40.0 54.6 yy 

50 306 . 6 65 . U 1 y 8 

56 364 .6 75.0 1 4W 

50 400.6 70.0 ICO 

50 4?o . 0 80 • 0 i yy 

50 570 . 0 80 • 0 y 1 

00 SIDE FUD ST 240-570 

00 £40.0 54.0 yy 

00 300 . 0 1 05 . 0 1 40 

00 364.0 15O.0 184 

00 400.0 145.0 lt*y 

00 476.6 i 66 . 0 y i y 

00 570 . 0 i 80 . 0 y i y 

TOP AFT ST 570-1586 


347 6 • 0 


300.0 
;T CASE 
1 2 
0 
0 


570. 0 

860 . 0 
1000.0 
1 £ 00. 0 

1 400 . 0 

1570.0 


62-0 
62 . 0 
62 . 0 
58 . 0 
58.0 
0 . 0 


SIDE HFT ST 570-1586 


570.0 

300 . 0 

i Ei 00 . 0 
1200-0 

1400. 0 


144. 0 

128.0 
128.0 

132.0 

178.0 


£16. 0 
£16- 0 
£ 1 0 • 0 
£16.0 
£16. 0 
£16.0 
0 

£10. O 
£20. 0 
£ 20.0 
£ 20.0 


37 . G00 

1570. 0 

0 . 0 

cl. 3£ . 0 

38. OO0 

BOT FUD 

ST £40-1586 

»■ 

38. 000 

£40.0 

0 . 0 

0 . 0 

40. 000 

300 . 0 

6 . 0 

128. 0 

4 1 . 000 

364 . 0 

10.0 

152.0 

42. OOO 

400 . 0 

1 £ . 0 

1 7 6 . 0 

43.000 

476.0 

1 £ . 0 

£00 . 0 


570.0 lt*.0 

30 T OFT ST 576-1386 


10. 000 

17.000 

13. 000 
VS. 000 
"0 . 000 
:■ i . 000 

, . ’ MUM 


570. 0 

800 • O 
1000. 0 
1 £00 . 0 

1400. 0 

1570.0 


16.0 
. 00 i 
.001 
. Him 1 
. 00 i 
. 00 1 


4 0.0 
4 0.0 
1 0 
1 0.0 
1 33.0 
i 120.0 
1 0.0 
1 0 

7 38.0 
7 128.0 
7 148.9 
7 248.0 
7 312.0 
7 216.0 
1 0 

7 38.0 
7 £64.0 
7 312.0 
7 336.0 
7 384.0 
7 216.0 
1 0 

5 216.0 
5 216.0 
5 216.0 
5 £56.0 
5 256.6 
5 216.0 
1 0 

7 432.0 
7 440 • 0 
7 440.0 
7 440.0 
7 456.0 
7 456 . U 
1 O 

5 0:0 
1 128.0 
1 152.0 
1 176.0 
1 £00.0 
1 216.0 
1 0 

1 £16.0 
1 216.0 
1 220.0 
1 £20.0 
i £32.0 
1 232.0 
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TABLE 3.3-14 




CARD INPUT FORMAT USING INPUTTED AREAS 


FORMAT 

COLUMN 

NAME 

DESCRIPTION 

UNITS 




1st Card 


20A2 

1-40 

NAMEFL 

Information to be printed out as heading. 

N D 

IS 

1-5 

SPDM 

Counter for area calculations 
1 Inputted area 
0 Stacked pod areas 

N D 

F10.0 

6-15 

SWI 

Initial baseline projected area 

FT 2 

F10.0 

16-25 

SWC 

Projected area resulting from change to 
baseline 

FT 2 

F10.0 

26-35 

WSI 

Baseline W/S on which TPS unit weights 
are based 

LB-FT 2 

F10.0 

36-45 

0LLTPS 

Orbiter landing weight less orbiter TPS 
weight 

LB 




2nd Card 


F10.0 

1-10 

NCTPS 

Nose cap TPS unit weight 

LB-FT 2 

F10.0 

11-20 

NCA 

Nose cap area 

2 

FT 

F10.0 

21-30 

FWDTPS 

Forward crew compartment TPS unit weight 

LB-FT 2 

F10.0 

31-40 

FWDA 

Forward crew compartment area 

LB-FT 2 

F10.0 

41-50 

CTTPS 

Center top TPS unit weight 

LB-FT 2 

F10.0 

51-60 

CTA 

Center top area 

FT 2 

F10.0 

61-70 

CSTPS 

Center side TPS unit weight 

LB-FT 2 




3rd Cart 


F10.0 

1-10 

CSA 

Center side area 

FT 2 

F10.0 

11-20 

CBTPS 

Center bottom TPS unit weight 

LB-FT 2 

F10.0 

21-30 

CBA 

Center bottom area 

FT 2 

F10.0 

31-40 

ATTPS 

Aft top TPS unit weight 

LB-FT 2 

F10.0 

41-50 

ATA 

Aft top area 

FT 2 

F10.0 

51-60 

ASTPS 

Aft side TPS unit weight 

LB-FT 2 

F10.0 

61-70 

ASA 

Aft side area 

FT 2 




4th Card 


F10.0 

1-10 

ABTPS 

Aft bottom TPS unit weight 

LB-FT 2 

F10.0 

11-20 

ABA 

Aft bottom area 

FT 2 

F10.0 

21-30 

BASTPS 

Base TPS unit weight 

LB-FT 2 

F10.0 

31-40 

BASA 

Base area 

FT 2 
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TABLE 3.3-14 

CARD INPUT FORMAT USING INPUTTED AREAS (Continued) 


FORMAT 

COLUMN 

NAME 

DESCRIPTION 

UNITS 

F10.0 

41-50 

TP SCON 

TPS constant weight (windshield, etc.) 

LB 

9 

F10.0 

51-60 

WGTPS 

Wing TPS unit weight 

LB-FT 

9 

F10.0 

61-70 

WGA 

Wing total projected area 

FT 




5th Card 


F10.0 

1-10 

WGPLE 

Percent of wing total wetted area that is 
leading edge 

% 

2 

F10.0 

11-20 

WLETPS 

Wing leading edge TPS unit weight 

LB-FT 

2 

F10.0 

21-30 

TLTPS 

Tail TPS unit weight 

LB-FT 

2 

F10.0 

31-40 

TLA 

Tail total projected area 

FT 

F10.0 

41-50 

TLPLE 

Percent of tail total wetted area that is 
leading edge 

% 

2 

F10.0 

51-60 

TLETPS 

Tail leading edge TPS unit weight 

LB-FT 

2 

F10.0 

61-70 

MCSTPS 

Miscellaneous control surface TPS unit 
weight 

LB-FT 




6th Card 

2 

F10.0 

1-10 

MCSA 

Miscellaneous control surface area 

FT 

F10.0 

11-20 

WACON 

Airfoil perimeter conversion factor 

N D 

F10.0 

21-30 

TACON 

Airfoil perimeter conversion factor 

N D 

2 

F10.0 

31-40 

IBA 

Internal body TPS area 

FT 

F10.0 

41-50 

IBTPS 

Internal body TPS unit weight 

lb-ft" 

F10.0 

51-60 

IBC 

Internal body TPS weight input constant 

LB 

2 

F10.0 

61-70 

LDA 

Landing and docking TPS area 

FT 




7th Card 


F10.0 

1-10 

LDTPS 

Landing and docking unit weight 

LB-FT' 

2 

F10.0 

11-20 

PROA 

Propulsion TPS Area 

FT 

F10.0 

21-30 

PRO TPS 

Propulsion TPS unit weight 

LB-FT' 

F10.0 

31-40 

PROC 

Propulsion TPS weight input constant 

LB 

F10.0 

41-50 

PPC 

Prime power TPS weight 

LB 

F10.0 

51-60 

HYC 

Hydraulic TPS weight 

LB 

2 

F10.0 

61-70 

SCA 

Surface control TPS area 

FT 




8th Card 


F10.0 

1-10 

SCTPS 

Surface control TPS unit weight 

LB-FT 
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tabl TABLE 3.3-15 od areas 

CARD INPUT FORMAT USING STACKED POD AREAS 


FORMAT 

COLUMN 

NAME 

DESCRIPTION 

UNITS 




1st Card 


20A2 

1-40 

NAMEFL 

Information to be printed out as heading. 

N D 

IS 

1-5 

SPDM 

Counter for area calculations 
1 Inputted area 
0 Stacked pod areas 

N D 

F10.0 

6-15 

SWI 

Initial baseline projected area 

FT 2 

F10.0 

16-25 

SWC 

Projected area resulting from change 
to baseline 

FT 2 

F10.0 

26-35 

WSI 

Baseline W/S on which TPS unit weights 
are based 

LB -FT 2 

F10.0 

36-45 

0LLTPS 

Orbiter landing weight less orbiter TPS 

LB 


weight 
2nd Card 


F10.0 

1-10 

BASTPS 

Base TPS unit weight 


LB -FT 2 

F10.0 

11-20 

BASA 

Base area 


FT 2 

F10.0 

21-30 

TP SCON 

TPS constant weight (windshield, etc.) 


LB 

F10.0 

31-40 

WGTPS 

Wing TPS unit weight 


LB-FT 2 

F10.0 

41-50 

WGA 

Wing total projected area 


FT 2 

F10.0 

51-60 

WGPLE 

Percent of wing total wetted area that 
leading edge 

is 

% 

F10.0 

61-70 

WLETPS 

Wing leading edge TPS unit weight 
3rd Card 


LB-FT 2 

F10.0 

1-10 

TUTPS 

Tail TPS unit weight 


LB-FT 2 

F10.0 

11-20 

TLA 

Tail total projected area 


FT 2 

F10.0 

21-30 

TPLPE 

Percent of tail total wetted area that 
leading edge 

is 

% 

F10.0 

31-40 

TLETPS 

Tail leading edge TPS unit weight 


LB-FT 2 

F10.0 

41-50 

MSCTPS 

Miscellaneous control surface TPS unit weight 

LB-FT 2 

F10.0 

51-60 

MSCA 

Miscellaneous control surface area 


FT 2 

F10.0 

61-70 

WACON 

Airfoil perimeter conversion factor 
4th Card 


N D 

F10.0 

21-30 

TACON 

Airfoil perimeter conversion factor 


N D 

F10.0 

31-40 

I BA 

Internal body TPS area 


FT 2 
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TABLE 3.3-15 

CARD INPUT FORMAT USING STACKED POD AREAS (Continued) 


FORMAT 

COLUMN 

NAME 

DESCRIPTION 

UNITS 

F10.0 

41-50 

IBTPS 

Internal body TPS unit weight 

LB-ET 

F10.0 

51-60 

IBC 

Internal body TPS weight input constant 

LB 

2 

F10.0 

61-70 

LDA 

Landing and docking TPS area 

FT 

2 

F10.0 

1-10 

LDTPS 

Landing and docking unit weight 

FT 

2 

F10.0 

11-20 

PROA 

Propulsion TPS Area 

FT 




5th Card 


F10.0 

21-30 

PROTPS 

Propulsion TPS unit weight 

LB-FT 

F10.0 

31-40 

PROC 

Propulsion TPS weight input constant 

LB 

F10.0 

41-50 

PPC 

Prime power TPS weight 

LB 

F10.0 

51-60 

HYC 

Hydraulic TPS weight 

LB 

2 

F10.0 

61-70 

SCA 

Surface control TPS area 

FT 

7 

F10.0 

1-10 

SCTPS 

Surface control TPS unit weight 

FT 2 




6th Card 


15 

1-5 

SPT 

Counter for stretching or shrinking vehicle 
4* Stretch from B.S. BSST 
0 No change in vehicle length 
- Shrink from B.S. BSSK 

N D 

F10.0 

6-15 

DIFF 

Length vehicle is to be changed (positive 
number) 

IN 

F10.0 

16-25 

BSST 

Body station at which you wish to start 
stretch 

IN 

F10.0 

26-35 

BSSK 

Body station at which you wish to start 
shrink 

IN 




6th Card 


20A2 

1-40 

NAMEFL 

Information to be printed as heading of 
output data 

N D 

15 

41-45 

NPD 

Total number of pods or Pod Master Cards 
(15 maximum) 

N D 




8th Card 





POD MASTER CARD 


10A2 

1-20 

NAMEPD 

Title information for each line of pod 
volume and surface area data. 

N D 

15 

21-25 

NGR 

Successive integers on which pods are 
totalled for data printout (first pod 

N D 


numbered 1) 
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TABLE 3.3-15 

CARD INPUT FORMAT USING STACKED POD AREAS (Continued) 


FORMAT 

COLUMN 

NAME 

DESCRIPTION 

UNITS 

15 

26-30 

NIF 

Number of inflection points or Pod Data 
Cards to follow each Pod Master Card 
(not larger than 15) 

N D 

15 

31-35 

NMP 

Multiplier so as to include the number 
of these identical pods used (positive 
or negative) 

N D 

15 

36-40 

MFO 

Forward face of pod as part of total 
pod surface area: 

Included in surface area 1 
Not included in surface area 0 
Removed from surface area -1 

N D 

F10.0 

46-55 

TPSUWT 

TPS unit weight per pod 

9th Card 

POD DATA CARDS 

LB-FT' 

F10.0 

1-10 

FS 

Reference axis coordinate of pod inflection 
cut 

IN 

F10.0 

11-20 

A 

Maximum depth of pod cut 

IN 

F10.0 

21-30 

B 

Maximum width of pod cut 

IN 

15 

31-35 

ISH 

Shape code of pod cut 

N D 

F10.0 

36-45 

RED 

Redundant perimeter between this and 
other pods when restacked 

IN 

15 

46-50 

ICN 

Dummy redundancy integer to establish 

N D 


whether redundant perimeter (zero or 
greater) is used in redundance analysis 
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INPUT - DATA | 

4 — 


CALCULATE 
BODY TPS WTS 
BASED ON 
INPUTED AREAS 


CALCULATE 
BODY AREAS 
AND BODY TPS 
WEIGHTS 


STACKED x 
POD AREA’S 


'STRETCHY 
OR SHRINK 
.VEHICLE/ 


CALCULATE 
YES ALTERED BODY 
> AREAS AND 
BODY TPS WTS 


CALCULATE 

1. BASE TPS 

2. WING TPS 

3. VERTICAL TAIL TPS 

4. INTERNAL TPS 

A. BODY 

B. PRIME POWER 

C. HYDRAULICS 

D. ETC. 


W/S 

ITERATION 


CALCULATE 

1. BASE TPS 

2. WING TPS 

3. VERTICAL TAIL TPS 

4. INTERNAL TPS 

A. BODY 

B. PRIME POWER 

C. HYDRAULICS 

D. ETC. 


W/S 

ITERATION 



OUTPUT 

TOT VEH TPS WT 


FIGURE 3.3-17 SIMPLIFIED FLOW CHART 
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TABLE 3.3-16 
PROGRAM LISTING ' 


copy tpsmbdel to lpikjnc) 


1 * 

1 

000 

BEtXED , 

2 ■ 

2 

000 


COMMON JU NPD, NAHEPD I 10/ 20 > * NAMEFL ( 80 ) #FS ( 30/20) jA( 30 1 80 ) 

3 • 

3 

coo. 

: 

1/S(3C'2C)/ ISH( 30/ 20) jZZ I 30 ) j RED ( 30/ HO > j I CN ( 30* 20 ) /CV (30/ 20) 

4 • 

4 

oco 


2/CWI30/ PO) /NMP(20),NlF(20)*NQP(20)#WAP(20)*VUP{20>iXWP(2o> 

5 • 

5 

OOQ 


3* X VP ( 20 ) 1 M E0 ( 20 ) i M*E ( 20 ) / TPSUWT ( 20 > t TPSWT ( 20 ) 

6 • 

6 

OCO 


COMMON/ j 1 1 /T0TL5 / BaSA* BAS gWTj TPSCONjBTPSWT # WGTPSA 

7 • 

7 

oca. 


wiiLEAi WGLE''T j TWGwT, TTPSAi TWT# TLE Aj TLEWT 

8 • 

8 

COO 


giTTWT/MCSAjMCSTPSi tQTTPS, t »TWT/ LDTWT/ PRBWT/ PPC 

9 • 

9 

coo 


3/HVC#S0T 

10 • 

10 

coo 


Integer spt.spdm 

11 • 

11 

coo 


RLAD(b, S70) sPDM/StoJ/SWC/WSI/ OLLTPS 

12 • 

12 

coo 


tottps« ICOO t 

J3.» 

} 3 

CCQ_ 


_1FISPL)M,E0.Q) GO TO 5 

14 • 

14 

ooo 


go to loco 

15 • 

15 

coo 

s_ 

- READib/ieO) BASTPS/BASA/ TPSCBN/WaTPS/WQA/WGPLE/WLETPS 

18 • 

16 

coo 


READIb/^gO) TLTPS/TLA/TLPLEjTLETPS/MCSTPS/MCSA/WACON 

17 • 

17 

coo 


READ(b,?eO) TACON/ !»A/ JbTPSj IBC/IDA/LDTPS/PRBA 

id * 

18 

coo 


RE AD ( b* *60) PRBTPS.PrBC/PPC/HYC/SCA/SCTPS 

19 • 

.19 

oca. 


..Cfi. PC. I«l/20 

20 • 

20 

000 


00 10 J* 1 / 30 

21 • 

. 21 

coo 


fs< Ji n«o» 

22 * 

22 

oco 


A( J, l >»0. 

23 • 

23 

000 


eiJtti'Ci 

24 • 

24 

000 


REOI JI I ) -0. 

. 25 •_ 

25 

CQQ, 


CV(J/ I ) -0 • . 

26 • 

26 

oco 


C W ( J j I > » o • 

27 « 

27 

000 


ISH ( Ji I 1 »0 

28 • 

28 

000 

10 

ICN( J# I (.0 

29 * 

29 

000 


ZZ U ) *0« 

30 • 

30 

000 


WAP( I )«0, 

31 * 

31 

000 


VLP(!>-C. 

32 • 

32 

000 


XviPI I )«0* 

33 • 

33 

coo 


XVP( I ) - c . 

34 • 

34 

coo 


NMP( I ) ■ o 

35 • 

35 

coo 


NJE( I )«C 

36 * 

36 

coo 


NGP I I ) »C 

. 37 ^ 

37 

OOQ- 


MPB ( ! )*0 

38 • 

38 

coo 

20 

map ( i ) »o 

39 • 

. 39 

coo 


READ ( 5i h90 ) SPT/DIFE/BSST/BSSK . 

40 • 

40 

000 


RE AD ( bi 900) NAMEFLiNPD 

41 • 

41 

coo 


DO 50 I«i/NPO . . . ..... 

42 • 

42 

coo 


READ <5, sol) (NAMEPD (J, ! ) / J* 1/ 10 ) /NOP (D/NlPd) / NMP I Y) / MFO (!) /MAF II) 

_ 43 ■_ 

_43 

oco 


liTPsuwrm ___ ...... 

44 • 

44 

000 


N!P»NIFU I 

45 ■ 

45 

oco 


DO 3C « ■ 1 / N I P 

46 • 

46 

coo 


READ (b, 902) FSIK/l )/ A ( K« | ) ,B («/ !)/ 1 SH I K/ I ) / RED (K/ !)/ ICNIK/ I) 

47 • 

47 

coo 


IF(SPT) 38 j 30/ 39 

48 • 

48 

000 

38 

IFIESU,! ) .GP.0SSK) FS(K,i ),FS(KiI)»0lFF 

43. ?_ 

49 

C0Q_ 


GO T0 30 . .. 

5Q • 

50 

oco 

39 

IE IFS IXj H.GT.BSST) ESIK/I ).ES(K/|)*DIEE 

51 • 

51 

coo 

30 

CONTINUE 

52 • 

52 

000 

50 

CONTINUE 

53 * 

53 

000 


. DO 90 I IiljNPD . 

54 « 

54 

oco 


NIP.nIE(II) • 

55 • 

_ 55 

000^ 


_ D3 60 I #1* NIP 

56 • 

56 

coo 

To - 

m i > -a ( i / m 

57 • 

57 

oco 


CALL AR^FIL 

58 • 

58 

000 


DO 70 I ■ 1/N IP 

59 • 

59 

000 


.AllilIMZllI 
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TABLE 3.3-16 

PROGRAM LISTING (Continued) 


60 • 

60.000 

70 

61 ■ 

61.000 


62 • 

62.000 


63 • 

63.000 

so” 

64 • 

64.000 


65 • 

65.000 


66 « 

66.000 


67 • 

67.0C0 

90 

63 * 

68 . COO 


63 • 

69.000 


70 • 

70.CC0 


71 • 

71 .CCO 

loo" 

72 • 

72.000 


73 • 

73.000 


74 • 

74. CCO 


75 

' 75. CCO 


76 • 

76.000 


77 • 

77. COO 


78 • 

75.000 


73 • 

79.000 


80 • 

80.000 

no 

81 • 

81 .000 

~uo 

82 * 

82.000 


83 • 

83.000 


84 * 

84.000 

150 

85 • 

85.000 


86 • 

86.000 


87 i 

' 87.000 


88 • 

88. COO 

155 

89 • 

89. CCO 


90 • 

90.000 


91 • 

91 .COO 


92 • 

92. COO 


93 • 

" 93.000 


94 * 

94.000 


95 • 

95.000 


96 • 

96.000 


97 • 

97. COO 


98 • 

98.000 


99 • 

99.000" 


100 • 

100. OCO 


101 • 

101 .000 


102 • 

102.000 


103 • 

103.000 


104 

104,000 

157 

105 • 

~1C5.C00“ 


106 • 

1C6.000 


107 • 

107.000 


108 • 

108. COO 

160 

109 • 

109. OCO 


no • 

110.000 


ill • 

111 .CCO 


112 « 

112.000 


113 • 

113.000 

190 

114 • 

114. COO 


115 * 

115.000 


116 • 

116. COO 


i i 7 “• 

"117.000 


118 • 

118. COO 

155 

119 • 

119. COO 


120 • 

120.000 



ZZU>*B<IH!J 

CALL AR9FIL 

DB AO I» lfN If 

Bill I I )«ZZ( I ) 

CALL «EOEYE 

CALL LGFNER 

call — 

CONTINUE 

_JJ*1_ 

JK»? 

IF (SIPU.I E'l > 08 T9 _ 150 

IF (nG^J JJ) .LTiMOP ( J< ) > °8 T8 130 

VLP ( JJ) *VLP( JJ l+VLP ( J< ) ------ 

XVP<JJ)«XVP( JJ)*XVP( JO 

X»PI JJ)»X*P< JJ>+XWP( JO 

*WAP( JJIi'wAPI jJ)4WAp( JK] 

vlp(J k )«o* 

IF ( jKtGE.NpOj G8 T0 150 
JK*JK*1 

GO T 8 no 

_ I F < JK aGE , NPO I G8 _T» 150 

J J • JK 
JK ■ JK*1 

GO TO no 

WRITFI6.903) NAMEFl. 

SPcn*o 

eLAMWT*BLLTPstT8TTPS 

MSC »bL A\Vj f / < sw I +SWC ) 

Tlanwt-blak'Kt 

DUWT» IWSC/WS! 125 

TOTLl'C. 

T8TL2*0. 

T8 Tl. 3*0 a 

T8TLA»0« 

T0TL5*0. . 

OB 190 I.IjNPD 

jrtVL^l I ) «EQ*0» ) G8 T8 190 

IF | SPt • Ft2 • 0« ) G8 T8 157 

XY«XVP( I )/VLP( i > 

XZ«XWP( 1 V/WAPI I ) 

VLPt I 1*VLB( 1 ) /1728a 
XVP( t ) *XVP( l > / 1 728 a 
Xn/P ( I ) *XWP ( n/lAA» 

WAPI 1 ) *aAP( I )/14*« 

TPS’/TU ) *w*P ( I )*TPqUWT UJ«OUWT 

lF(SPLaE0*0» ) TPSwT ( 1 j*TPSWTt J)/1.A* 

I F ( SPG a FO a c a 0 ) 00 TO 160 

WR t TC ( 6 • 904 ) (MAMlPD(J«I ) t J*1 t 10 1 * VL“tI >* 

TOTL 1 "TBTL 1+VLP t I > 

TBTL2*TBTL2+XVP( I) 

_T0TL3*TPTL3 + X'--P( I ) — 

TBTLA’TBTLft^APf I > 

T0TL5*ThTL5+TPSWT( I ) _ 

CONTINUE 

XY*TeTL2/TBT|.l 

XZ*TBTL3/TBTt.* 

lF(SPC.FOtOaO) GO TO 195 

K RITE (6,905) TBTLi,XYj T0TL*iXZ»T8TLB 

basfwt«pastP9*basa*ouwt -- 

IPTWT*I»A*IPTPS+IBC 

BTPSwT.T6TL5>BA9EWT+TPSC8N*1BTWT 



XYi WAP( I )< XZj T88WT ( 1 1 
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121 

122 

123 

■ 

m 

m 

121 

122 

123 

• 000 

c 

WJNG TPs WEIGHT 

.000 

#QQ£L 


WGWA»wG**WaC.N 

WGLFA*wGWA*WGPLF. 

124 

m 

12 4 

• oco 


WGTPSA«WGWA«WGLEA 

125 

m 

125 

• cco 


WSwIf* w| 3tPS A *wGTPS#0UWT 

126 

m 

126 

• coo 


WSUEWT* GLF A#W|_FTPS*DUWT 

127 

m 

127 

.000 


TWG'</T»WGk'T*W3LEWT . .. 

128 

m 

128 

.000 

c 

tail tps kfigmt 

129 

m 

129 

• OCQ. 


TaJA«TUA*TAC5m 

130 

m 

130 

.000 


TLFA»Twa*TLP|.E 

131 

m 

131 

.coo 


TTPSA-T’- A-TLFA . ....... 

132 

m 

132 

.cco 


TWT»TTPSA*TLTPS*DUWT 

131 

w 

133 

.cco 


. TLEWT«TLE*»TLETPS*DUWT .. 

134 

m 

134 

.000 


TTWT«TWT+TLEwT 

135 

m 

135 

• coa 


MrS>IT«HrSTPS*MCSA*OUWT 

136 

« 

136 

• coo 


lotwt*lca»ldtps 

137 

m 

137 

iCOQ 


PRSWT«PRBA*PRGTPS*PR8C 

138 

m 

138 

• 000 


scwt«sca+sctps 

139 

m 

139 

.coo 


TPTTPS.qTPSWT-ATWGWTA-TTWTAHCfiWT - - - - 

140 

9 

UO 

.cco 


1*LOTM + PP0WT + PPC*HYC*SCWT 

_141. 

9 

_ 141 

• CCQ_ 


eLA‘.'V.T»f'LLTPs*T9TTPS ...... .......... 

142 

m 

U? 

• coo 


WSC-BLAAKT/ISWI+SWC) 

143 

» 

143 

• coo 


IF(SPC,FC«1.0) G0 TO 1000 

144 

m 

1U 

.000 


IF(AB5(TLANmT.9LANWT).LE.,lJ SPC«i»0 

145 

9 

145 

• coo 


GO TO 156 

146 

m 

146 

• coo 

860 

FORMAT(AFlO.o) 

147 

9 

U; 

.coo 

870 

F9R“A t ( 1 5* 4Fl0»0.1 ... ... 

148 

9 

148 

• cco 

880 

FORMAT ( 7F 1 0 • 0 ) 

149 

9 

149 

• coo 

890 

FOR M AT( 1 5* 3F10.0) 

150 

9 

150 

• coo 

90C 

FORHATI^OAg/ISJ 

151 

9 

151 

• coo 

901 

FORMAT ( 10*2a?)I5jF1qi0) 

152 

9 

152 

• 000 

902 

FORMAT nr 10»0A 15 aF10.0a 15 1 

153 

9 

153 

.000 


. F«PMaT< •l'////2SX # ?0A2///2X. t GROUP.', j IB Xj • VOLUME '..ax* ! VOLUME 1 

154 

9 

lb4 

.000 


S/3X, ' SURFACE «i5XA ' AREA 1 * 5 Xa 'WEIGHT'/RX j »NAME' a30Xa 'C*0» ' 

155 

9 

1*5 

• coo 


5<6X, »*RtA'i5XA tC»G.'/25Xi 'CU.FT. '*6Xi ' IN»' a*Xa 'SQ tFTx.' 

156 

9 

156 

.000 


Sa 6 X, * I N » ' • 6 X . (LB« '//( 

157 

9 

157 

• 000 

9o 4 

format ( ?x, lCA?#X*Ffl, ijF9,t*Fla»lAF9,l*F9.1/) 

158 

9 

158 

• oco 

905 

FORMAT (/2X J lTPTAL , jl3XiFll«ljF9tljFlO«l#F9»lAF9»l) 

159 

9 

159 

.coo 

l.Q.QC 

'..CALL TPSC *L ( SPD'' / $WI j SWti W? 1 j 6LLTPS ) 

160 

9 

160 

• coo 


STOP 

161 

9 

161 

• cco 


EniD 

162 

9 

162 

• 000 


SUBROUTINE ARRFIL 

163 

9 

163 

.000 


COMmqn I I/K'PDiNAMEPDaOAgOjNAMEFLtZOJiFSOOjZOJjAnOAaQl 

164 

9 

164 

.000 


1<B(3C*2C)a ISw(30<c0)j22( 3C I > R£D( 30» SO ) a ICN ( 30a 20><CV(30a20> 

165 

9 

165 

.000 


_2»CW(3O,?c>,NMP(2C) J NiF(20)jNGP(20)iWAPt20)iVLP(20.LiT<rt£i20I 

166 

9 

166 

tCCO 


3<XVP(2cii^F0{20)AMAF(20) 

167 

• 

167 

.000 


NIP»MF ( I J ) 

16 5 

• 

168 

.000 


NIPL*NIP-1 

169 

• 

169 

.000 


NlPP.NJP+l 

170 

• 

170 

.000 


DO S I»NJPPj30 

171 

• 

171 

• OOQ.. 

„5 

ZZ(I)«0. . .. . _ ... 

172 

9 

172 

.000 


IJK.I 

173 

9 

173 

.000 


DO 10 I ■ 1 1 NIP _ .... . .... ... . ... ... . 

174 

9 

174 

.000 


1 F ( 22 ( 1 ItLEtOi ) GO TO 10 

175 

9 

175 

.000 


IJK-1 

176 

9 

176 

• cco 


GO TO 15 * 

177 

9 

177 

*000. 

_10 

CONTINUE 

178 

9 

178 

.000 

1R 

IF(IJK,lF.2) GO TO 35 

179 

9 

179 

.000 


1 JJ«IU<.1 

180 

9 

180 

.000 


VAL«FS( IJK, n )«FS( 1 a in 

161 

9 

181 

.000 


DO 30 I»2# I JJ 
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182 • 

182(000 

183 « 

183(000 

18* • 

18*. COO 

185 • 

1 85 • 000 

186 • 

186(000 

187 • 

187.000 

183 * 

188.000 

189 • 

189.000 

190 • 

190. COO _ 

191 - 

151 .COO 

192 • 

192.000 

193 • 

193.000 

19* • 

19*. COO 

195 • 

195.000 

196 • 

196. COO 

197 * 

197.000 

198 • 

193.000 

199 • 

199. COO 

200 * 

200.000 

201 • 

201 .COO 

202 • 

2C2.000 

203 * 

203.000 

204 • 

20* .000 

205 • 

2C5.000 

206 • 

2C5.000 

207 • 

207. COO 

208 • 

2C8.COO 

209 • 

'209.000 

210 • 

210.000 

211 • 

211.000 

212 • 

212.000 

213 * 

213,000 

214 • 

21*. COO 

'215 • 

215. COO 


30 

35 


40 


50 


VALL"FS ( J #_M J"FS( 1* ! ! ) 
2Z( fWZ'ifl jk)*VALL/VAL 

I J K »t 

~D0 50 NIKjNIPL 


inzzm.QT.o*) 

I<K» i 
G9 T8 60 
C8MT ! NUE 
RETURN 


GO TO 50 


6 0 ikkp«ikk*1 

- - 

03 70 J» JKKP»NJP 
1F(ZZ( J1 *LE*0* ) 68 TO 70 
JK • J 

69 Tft_ 75 

*70 CONTINUE 

„ o!lI l'« I KK. 1 1 1 .F« f t KKL* 1 1 » * * »-«* • VI > » 

ZZ ( t<KJ «ZZ( IKKU)*D f£*IZZ( JK)«ZZ( 1**1 H — 

K»tK*M • 

IF ( !KiGE«!ilPl_B£iy8N ■ • 

08 T9 AC 

VAL»FS(MPil!)*FS(!KKL|in ■- - 

IF(VAL.E0*O* > RETURN 
08 R5 I-!<K#NlPt 


80 


89 


216 • 

216.000 


217 • 

217. COO 


218 • 

218. COO 


219 • 

219.000 


220 • 

220.000 


221 ■ 

221.000 


222 • 

222.000 

to.. 

223 • 

223.000 


224 ■ 

224.000 

15 

225 • 

225 .000 


226 • 

226.000_ 


227 • 

227.000 


228 * 

228.000 


229 • 

229. CCO 


230 ■ 

230*000 

30 

231 • 

231 .COO 

35 

232 - 

232 . COO 


”233 i" 

“ 233.000 

40 

234 • 

234.000 


235 • 

235. CCO 


236 • 

236* COO 


237 • 

237. CCO 

50 

238 ■ 

238. COO 


239 • 

239.000 

60 

240 • 

24C • 000 


241 • 

241 ,CCO 


242 • 

242.000 

. 


VALL'FSIMPi 1 1 )*FS( I j I I ) 

ZZ<! )«ZZllKt<!,)£V.ALL^VAl, . 

"Return 

END - - • 

t, e w < 30 « 30 > )nmp ( go jN|p < eojj nsp 1 eo > , u ap 1 go )> Vigl go l t ^Q l_ 

3iXvP("20)i M FP(20)<MAF (20» 

NIP»NIF ( t I) 

LLl-'-l 

00 15 I ■ 1 i N I P 

IF ( ICN( 1 j 1 1 ) • GT ■ 0 > 08 T8 10 
REOIIiI I 

00 TB 15 
LLL«ULt*l 

1 <f.EP2* I 
CONTINUE 

IF(LUL«LE *01 return 
D0 30 Mi I KF EPg 


IF (PeOI l «Ii > »LT»0« 1 GG 78 30 

1 KEEP 1 * I 

G0 T 0 35 

C9NTINUP 

K.JKEEPIM 

1 J»IKEEPg» l 

D8 50 i»fR*IJ 

IF (RFO( t , 1 1 ) .GE. 0. 1 G8 T8 BO 
I<K*I 

Gft TB 60 

CONTINUE 
RETURN 


'lkkp«li<<*i 
1 KKL* IK<» 1 
09 7C J.IRKP.IKEEP* 

IF (»EU( J|.| DjWIiQ* 1 68 . 78 


70 
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2*3 

m 

2*3.000 


JK«J 

2** 

m 

2**.ooo 


GO TO 75 

2*5„ 

m 

2*5.QQQ_ 

7n 

C9NTTNUF 

2*6 

m 

2*6.000 

75 

DEl.<6S(!><K,Tn.FS(IKKL#m)/|FS(JK,m,FS(!KKLj!n) 

2*7 

9 

2*7,000. 


RE0( I<K i il).RED(IKKL4llJ*0EL*(RE0UKjIII.RED(lKKL,lJ-LL . 

2*8 

m 

2*8.000 


IK« JK*+1 

2*9 

m 

2*9.000 


I r 1 1 < *LTf JKEEP2) GB T8 40 .. 

250 

9 

250.000 


RETUWN 

251 

9 

2?4.CCQl_ 


£MP 

252 

m 

252 « COO 


subroutine cgenfR 

253 

9 

263.000 


COMMON I l , NPo, NAMEPD ( io# 2Q),NAMEFL(20).FS(30< 20 1 4 A ( 30 j 20) ... 

25* 

« 

25*, 000 


1,B<3C«20), ISm(30,2o),ZZ<30),RED(30,80>,!CN<30, 20>,CV<30, 20) 

255 

• 

255.000 


?, CM 30, ?0 >, Nr-P < 20 >, N IF ( 20 >, NGP< 20 >, WA? (20), VU»l 20) ,XWP 1 20) ... 

256 

• 

256.000 


3,XVP< 20), m F9(20),MaF(20) 

257 

9 

257. 00Q 


EL«(X).( ( <-.3206*X)+, 6*55) *X+. 146 )*X*. 9987 

258 

9 

258.000 


NIP.NI8 (II) 

259 

9 

259.000 


D9 40 I « 1 * NIP 

260 

9 

260.000 


IF(lSH<i,ln.LE.0.nR.lSH<|,m.ST.i8) GO TO *0 

261 

9 

261.000 


. IF<A(l, II). LE. 0. ) Alt, mat 000001 

262 

9 

262.000 


IF ( 0 ( I , l I ) ,LE .0. ) 0(1, 1 1 ) *.000001 

263 

9 

269.0C0 


ICTT* iSHt I, 1 1 ) . _ . 

26* 

9 

264.000 


GO TO < 21, 22. 23, 24, 25, 26, ?7, 28, 29, 30*31,32, 33, 34, 35, 3i, 37, 38 lilCTT 

265 

9 

265,000 


cv<r,m«i. . 

266 

9 

266.000 


CW< I, I I > -2. 

267 

9 

267.000 


go re 4c .... 

268 

9 

268.000 

2? 

cvti,in«»5 

269 

9 

269. 0CQ 


CVH, 1 1 )»2,*S<3RT(A<I,II 1 *#2*B <1,11 ) **21/ ( A 1 1,11) 4B t l.»I 1) 1 

270 

9 

270.000 


GO Te *0 

271 

9 

271.000 

23 

cvn, 1 1 ) - -5 

272 

9 

272.000 


CCW«SURT(*.*A< I, II )**2*»<I, II )»*2) 

273 

9 

273. COO 


C* ( 1 , 1 1 ) ■ (B ( t , 1 1 )+CCW )/ ( A(I,II)+B(!,II)) 

27* 

9 

27*. 000 


GB re 40 

275 

9 

275.000 

?4 

CV ( I , I I ) • . 785 . 

276 

• 

276.000 


X.9< I, I I )/At t, II ) 

277 

• 

277,000 


IF(X.UT.l.) x»i./x 

278 

« 

273. 0C0 


CW< I, I I )»2.*FLK(X)/(X*1*) 

279 

9 

279.000 


GB T6 *0 

280 

9 

280.000 


CV ( I, I I ) • « 785 

..281 

9 

281,000 _ 


XX«B ( 1 , t f > /A ( 1 , 1 I ) 

282 

9 

262. COO 


X»3 ( ! , I I )/(2«*A(I,II )) 

283 

9 

283.000 


IFIX.GT.1.) X ■ 1 , /X 

28* 

9 

28*. 000 


CM!, II la(XX+E:LK<X)*(XX*8,)/(X*t.))/CXX*l») 

285 

9 

2F5.C00 


G0 TO *0 

286 

9 

286. COO 

26 

CV(I, II ) ■ . 786 

287 

9 

287.000 


xx«e< i, m/A<t,m ... ... 

288 

9 

288. CCO 


X.2.*S<I,n)/(3.«A<I,II)) 

289 

9 

289.000 


IF(X.GTalt) Xal./x 

290 

9 

290.000 


Cl«EL K (X)*(XX*1.5)/(X*i») 

291 

9 

291.000 


X.?.*0< 1, II) /A <1, III 

292 

9 

252.000 


IF(X.GT,1.) x»i./x 

293 

9 

293 . 000 - 


c?»n <<x)»<xx+.6)/<x+i.) 

29* 

9 

29*. 000 


CM!, II )«(Cl+C2)/(XX«l.) 

295 

■ 

295.000 


GB TS 40 . . . .... . . 

296 

• 

296.000 

27 

CV ( I , 1 1 ) « * 987 

297 

• 

297. 000 


X.9lt/in/An,M) 

298 

9 

293.000 


IF {X.liT , 1 > ) X^l./x 

299 

• 

299.000 . 


CM I, 11 )al.5*.5*EL<(Xl/IX*l. ) 

300 

• 

300.000 


G9 TB *0 

301 

9 

301.000 

28 

cvn, m«. 946 .... 

302 

• 

302. 0C0 


X»B( I, II )/A< I, I I ) 

3C3 

■ 

303.000 


IF ( X »UT , 1 « ) xrl./x 
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TABLE 3.3-16 

PROGRAM LISTING (Continued) 


30* • 30* • 000 _ 

305 • 305 i 000 

306 • 306 . GO O 29 

307 ■ 307. COO 

30* • 3C8.000 

309 • 3C9.C00 

310 • 310.000 

311 • 311.000 

312 • _ 313. OOP 30 

313 • '313. COO 
31* • 31*. COO 

315 • 315. OCO 

316 • 316. COO 

317 • 317. COO 

318 • 318. COO 31 

319 319.CC0 

320 • 320. COO 

321 • 321.000 

322 • 322.000 

323 • 323.000 3? 

32* •_ 32*. 000 

"325 • '325. COO 

326 « 326.000 

327 • 327.000 

328 • 328 > COO 

329 • 329.000 

330 • 330. 000 33 

' 331 • “ 331 .000 

332 « 332.000 

333 • 333.000 

33* • 33*. 000 

335 • 335. COO 

336 •_ 336.000 

337 • ' 337,000 3* 

338 • 333.000 

339 • 339. COO 

3*0 • 3*0.000 

3*1 • 3*1.000 

3*2 • 3*2.000 

— 3*3 •'■'3*3.000' 35 
3** • 3** , CCO 

3*5 • 3*5.000 

3*6 ■ 3*6.000 

3*7 • 3*7.000 

3*8 • 3*3.000 

3*9 • 3*9.000 36 

350 • 350. CCO 

351 • 351.000 

352 • 352. COO 

353 • 353.000 

35* •_ 35*. OOP 37 

355 '• " 355.000 

356 • 356.000 

357 • 357. COO 

358 • 358. COO 

359 • 359.000 3* 

360 _» 360. COO 

361 • 361.000 *0 

362 • 362. COO 

363 • 363.000 

36* • 36*. 000 


Cw d. 1 1) » 1 i*FLK<M/< X* 1 • ) 
GO ^ TO 1*0 


XX *9 d . 1 1 ) /a d . 1 1 ) 

x.2.«e(f*in/A(tiin . - 

IF1X.BT. 1» ) X«l./X , 

Cwd.U )«<1.42.*El.K<X>MXX*.3>/<X*li))/(XXM»l 

GO TO *0 

CV( 1,1 1)1*839 — — 

H( I, !!)/*< 1. I n 


X X 

x.*.*B<i/in/i3, **U4im 
inx.uT.i.j x»i./x 

Cw ( I, 1 1 ) • l ,5+2.*ELK(X ) *1 XX**75> / 1 X*l» > )/(XXM. ) 


GO TO *0 

CV(J, 11)1*866 

x«B( t. t i i/a it i. n ) 
mx.uT.i*) x»i./x 

exit, m»*5M.5«ELK(X)/IX*t. ) 


GO TO *': 

CVd. II ) • . 726 

CC wSURT<* t *A< 1. 1 1 I* 1 1 1**81- 
C3»<Bd.!I ) +CCW ) / ( A ( 1, 1 1)*8( |i 1 1 ) ) 
X.BI Id I >/A( t . 1 1 ) 

IF (X ,GT « 1 * ) X«lt/X 

CWd.lt )».5»C3*ELK(X)/(X*1,J 
GO TO *C 

CV(I, II ) • * 76* 

CCW«S<*»T ( *.*A < I . 1 1 ) **2*H< ! . 1 1 >**21 
C3» (9 ( 1 , 1 1 )»CCW)/(A( !* 1 1 >*B( Jill H 
X*3 ( I* I 1 )/A( 1/ 1 1 ) 

IF(X.UT.1«) X-l./X 

CiXCI, 1 1 ) «C3/3. ♦*• *ELK (X 1/ 1 3. »X+3. ) 


GO TO *Q 

C2»?! »S"RT*M I . T 1 )**?*B( I, II )**2)/U( I J 1 1 >*BIt#IIJ± 
X«B( I#I1 )/A(Tj1I) 

IC(X.GT.l* ) X-l./X .. . . 

C9d.Il ) • • 5*C2*FLK ( X ) / ( X*i * ) 

G8 T 0 *C — 

C V I 1 , 1 1 ) • • 7 1 9 

C?»2. •SORTI A (I j J I ) #*?*B < 1. 1 1 )**2)/( Ad. I I )*Bd . 1 1 )J 
X -B t I. I I >/A< !, II ) 

IFlX.UT.l.) X»l./X 

Cw 1 1 , I I )«C2/3»****FLK(X)/I3.*X*3. ) 

GO TP *C_ — 

CVdV l i ) • •785 
X«BU. I !)/A( T. It ) 

1 F (X , I*T > 1 . ) X»i./X 

CWd.I! )«l.+ELKIX)/(X*lt) 


GO TO *C 

CV d . 1 1 1 ■ » 9 *6 

X.U ( I. 1 1 >/A( I. 1 1 ) 

I F ( X . UT . 1 • ) X»i./X 

Cwl ! , II )«1.5*.5*ELK(X)/(X*1, ) 

G0 TP *C ( . 

cwj I \ i n«i%s QRT( Ad. 1 1 )« *g»BdjlLL**2>^<AU« 1 1 113UU 1111 

CONTINUE 

CALL CCflLL - ■— ----- 

return 

END . . - - 
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365 

366 
367. 

368 

369 

370 

371 

372 

— 3 73. 

374 

375 

376 

377 

378 
_ 379 

380 

381 

382 

383 

384 
_ 385 

336 

387 

383 

389 

390 

_39|„ 

392 

393 

394 
. 395 

396 
_ 397 
393 

399 

400 

401 

402 
_ 403 

404 

405 

406 

407 

403 

409 

410 

411 

412 

413 

414 
_ 415 

416 

417 

418 

419 

420 
.. 421.. 

422 

423 

424 

425 


365 • 000_ 
366 • 000 
-367,00.0. 
368 iOCO 
369 1 QOO 

370. COO 

371. COO. 

372 . COO 

37'i.00O_ 

374 . 000 
375 . COO 

376.000 

377.000 

378.000 


TABLE 3.3-16 

PROGRAM LISTING (Continued) 

SUBROUTINE CCF ILL 

BO )j I CN.(. 3Q^ 2PI jCVtan.pn) 


_3iXVP { 20 ) 1 fIF.a (SO)/ Map ( so I 
NJP»MF (II) 

— 1 J< s 1 

IF * CW« li II ) .GT.OO GB T8 

— B3-30_.Js2i.tiLE 


40 


IJ<»1 JK41 

IFICWiJjIII.LT.Qi) QB TO 30 

I J ■ I J*» l 

C9 20 K,i,jj 

Cm ( K , 1 1 ) >Cw ( I JKj 1 1 J 


379.00Q_2a CyjJSjJll.CVUJK^Ili. 


3HC.000 

381.000 

382.000 

383.000 

384.000 
...385 • OOQ. 

386.000 

387.000 

388.000 

389.000 

390.000 
391. OOQ 

392.000 
393. OOQ 

394.000 
395 , COO 

396.000 


30. 

40. 


60 


GB T9 40 

Continue 

RETURN 

IFMJA.GEtNIP) RETURN . 

I <■ I JK* J 

-lEJCWilK i 1 1 1 .LF.O. i oh Ti l 60 
IJK*IJK+1 
Q9 T8 40 

iFUK.Gr.Njpj Q 9 Te 9Q 

IKP« JK*1 

00 80 NIKPjmip 

I-LC W_( Li_111aLE .0i > QB TB .0 


lJJ»I 

G9 TO 110 

80 continue 

9a— .09 10Q K.IK.MIP 

CVCK.m.CVilJK,!!) 


-397.OOQ._1QQ CW(<j I U-ftllLfltluL 


398.000 

399.000 

400.000 

401.000 

402.000 
-403.0QQ 
4C4.000 
4C5.C00 

406.000 
4C7.00C 
408 • 000 
*09.000 

410.000 

411.000 
412, COO 
*13.000 

414.000 


110 


return 
ME«IJJ-IK 
NB»IK»1 

FP«*{ I JKj I I U8(!JKjIU 

RP«A(IJjj!l)*B<!JJ,m 

-FM.4A (.{JSa.I 1 1#B( I J K. I r > 


rn.ai ijjj n j.enjj,i n 
OELCV'Cvf lJK,H).cv(IJJill) 

09 1 4b k« l.NF - 

K<«NB+K 

X 4^lV.iVi' )9FSlUKt 1 1 ' ,/(rs(i JJ ' 11 »- FS <i JK. uTT 


*X«A ( I JKt I I JaXBL* (A t I JJj i I )«A ( ! JK j I f)) 

BX.R( Ij< # I j UX9L*(B( IJJ# II )»B( I JKj I))) 

IFintLCV) 12 Cj130j140 

416 1 oS2 — 1 i ! ' CyLlJJi 1 ♦*BLM«*2*DELCV*FM/ABX 


416.000 

417.000 

418.000 

419.000 

420.000 
421. OCO 

422.000 

423.000 

424.000 

425.000 


130 

1*0 

145 


G9 T9 145 

CV(KK#II)»CV(IJKiII) 

G9 T9 145 

C9NT I NUF 1 * CV( 1 JKl 1 n • X BL**2*DEUCV#RM/ABX 
-1JK-IJJ 

Gg re 40 " 

RETURN 

END 

SUBROUTINE PbDMBD 
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*26 

426 ( 000 

427 

427(000 

428 

428(000 

429 

429(000 

430 

430.000 

43 i 

431(000 

432 

432, CCO 

433 

433.000 

434 

434.000 

4 35 

435 • 000 

436 

436.000 

437 

437.000 

438 

43H.0C0 

439 

439,000 

440 

440,000 

4 41 

44 1 .000 

442 

442.000 

443 

443. COO 

444 

444,000 

445 

445,000 : 

446 

446.000 

' 447 

*447.000 : 

448 

448. COO i 

449 

449. COO 

450 

450.000 

451 

451,000 

452 

462. OCO 

453 

463.000 

454 

454.000 

455 

455.000 

456 

456. OCO 

457 

457. COO 

458 

458. CCO 

"459 

■'469.000 

460 

460. COO 

461 

461. CCO 

462 

462. COO 

463 

463.000 

464 

464 • 000 

465 

"465. COO 

466 

466. COO 

467 

467.000 

468 

468.000 

469 

469, CCO 

470 

470. COO 

471 

471.000 

47? 

472. COO 

473 

473.000 

474 

474.000 

475 

475.000 

476 

476. OCO 

477 

477 , 000 

478 

478.000 

479 

479.000 

48 

480.000 

48 

481. OCO 

48 

482 «C00__ 

48 

'4 83,000 

48 

484,000 

48 

465.000 

48 

466.000 


C0MH6N ll^NPD^NAMEPOjlO/ZOWNAMEFLJMI^StaO^OWAJJO^O) 

"37WP ( eo ) j HF9 ( so ) i m ( 20 ) 

NJP»K'IP (II) 

N I PL. »NJ P« 1 

AAP«0* 

XAP"0* — ~ 

DB 20 I • 1 i NlPL 

DAX.FSJ j*l,l!>.FSiIiII» - 

VLi«An.in«BU*in 

VL2«AU . 1 t )»PC !♦!» II ) • - - 

VL3* A 1 1 ♦ 1 J 1 11 *P< I* 1 1 > 

V t 4 . A ( 1 11* ; 1 > »,B < I *1 illi 


10 


13 

20 


VLL - P AX • C c V 1 1 ♦ 1 . m • c VL2AVL3*2. *VL A ) *a .»« I “ 

XW.CAX..2.ICV(!M.mMVL2*VL3*3.*VL*)*CV(I 4 m*VLl»/ie. 

vllIdax • ( C v H « ! I ) • (2»*VLl*VL2*VL3) *2»*CV ( I ♦ 1 « III *VL* J/6» 

xyv«pAX»»2« (£V U / 1 Il« CVi B l*V|_2+Vt.3 > *3» *CV ( I *1# li 1 *.YLAJZ12i 

"VlP< 1 1 )iVLP( 1 ! l+VLL , ... 

XVP( 1 1)«XVP( 1 1 )*XVV*VLL*FS( li 1 1) 

VL.Pt jn»XM«VLP(!I> 

xvPtm«xM*xvPun — 

jp (mmp< 1 1 ) *lf *0) return 

DB 45 I » 1 * M PL _ 

DAX-PS(i*l,lt>-FS<J*II> 

pi«cwti,n)«(A<!ii!)-»a(i # u)> - — - 

WPX«pAX» (Pi +P2 ) /2» - 

XPP«DAX**2» (Pl+2**P2)/6« 

ARF AF *C V ( I . I I ) *A( 1 . 1 I 1 1 l U 

— - ; i ■ ■ * ^ * t . < . 1 niDf T 


ANr Ar L » l ** i i • * r 1 • • • * ' T *■ - 9 X \ I — -wr 

AREAA*CV( f+l«II)*A(I*lfil)*9II*l*III 

WPV»A«EAP*A»PAA 
V»PP»SURT( w PX»»2+ w PY»*2) 
to AP ( ! I ) »IA AP( t I ) AWPP , 

— xwPt r n«xwpt 1 1 ) +xpp*wPP/wpx*wPP*FSt i* 1 1 > 

1F(RF0 ( \t I P tLT»C« 1 GO TO 45 _ 

35 IF (RtUtl + l, I ! ) .LT»0* ) G8 T0 *5 

AAP»D*X«(RfD( 1 , 1 ! UREDt I Mil I } 1/8 J 
XAP«D*X»*2»t BED t 1 1 1 1 )/6( ♦RED( 1*1* 1 1>/3* I 
WAP ( 1 I ) • W A P ( I I ) » A AP 

xsPt 1 1 ).xwpt 1 1 ).xap-aap«fs< t. 1 1 > 

45 CONTINUE 

ENDSiC. 

ENDMUL»C< 


50 


55 


60 

70 


jp (MpO( III) 55 j 60# 50 

ENDS »CV ( li 1 1 J • A 1 1« II ) *B C l* M ) 

END*UL»ENDS»FS< li I I > 

GB TO 60 

ends»*cv tTi m > *a( i» i n*ei I# i n 

ENDMUt»FNDS*FS (lilt) 

_ . , . . .ii . . t _ i i Ai * □ 


EMDMUU»FNUS*Fb ( 1 # I T I - - 

YET»CVCNlPil!)*A(N|PilI)*B(NIPiII> 

IF(MAMIII) 75, 80i 70 

ENDS«t-NDS»YET' 

E N n M U L » F N DHUl»VET»FS < N I P 1 1 JJ 

GB TB 8C 

75 ENDS»£N,')S»YET 

ENDHUL^FNDMU L .YET*FS (N I Pi 1 1) 

80 WAPtl I >«X"*(WAP( I | )*ENDS> 
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487 

488 

489 

■ 

■ 

• 

487 

488 

489 

• 000 


XWP n n fXn» < XWP ( I n *ENDHUL > 

• 000 
aOQjQ_ 


RETURN 

FMD ........ 

490 

m 

490 

tCCO 


SUBROUTINE TPSCAL<SPDM,SW!,SWC#WS|*eU.TRS) 

491 

m 

491 

• 000„ 


CfltpMBN . LI #>*PD|NAMFPD( 10/20 ) jNAMEFL<20)#FS(3Q*801«AL30a*QJ 

492 

m 

492 

.000 


1/|( 30*20/ TSh(3D/20)/ZZ(30«PED(30/20)/!CN<30/ 20>/CV(30/20) 

493 

W 

493 

.coo 


2/C*<(30/ r :0)/NMP(20)#NlF(20)/NQP120)/V(AP(20)/VLP(20)/XWP(20l 

494 

m 

494 

• oco 


3/XVPI20)/MF9(20)/^aF(20) 

495 

9 

495 

• QOQ 


£0mmpn/_u Jj/X5IL5/ 0 AS A/ B*SE w Tj TPSCBNjBTPSWTz WOTPSA 

496 

m 

496 

.000 


1/ 4GWT • WfJLEA* WG|_EWT« TwGWTi TTPSAz TWT/ TUEAj TLEWT 

497 

• 

497 

.000 


2/ T.TWT'^CSA/PCSTPS/ tBTTPS/ iBTWT/LDTWfjPRBaT/PPC 

498 

« 

♦ t 98 

.000 


3»HYCjSCJT 

499 

m 

|99 

.000 


i Ott>FNSl0N TITLE (20) -1 

500 

m 

5C0 

.000 


‘INTEGER 5 

501 

9 

501 

• OOQ 


lFISPO^,FU.flJ 09 Tfl ■ 

502 

9 

502 

.oco 


READ ( 5/ so ) TITLE 

503 

9 

503 

.000 


. REA0(5,70) N C TPSiNcA«FWOTPSjFWOA/CTTP8iCTA/CSTPS ....... 

504 

9 

504 

.000 


RE ADI 5/ 70 CS*,CBTPS,C8A,ATTPS/ATA/ASTPSjASA 

505 

9 

5C5 

• coo 


REAP ( 5j 70 ) ABTPS/ ASA,BASTPSiBASAjTPSC8N*WGTPSjWClA 

506 

9 

5C6 

.000 


READ ( 5/ 70 ) wfiPLE/ WLETPSz TLTPS/TLAz TLPLEz TLETPS/MCSTPS 

507 

* 

5C7 

. 000 


READ ( b# 70 ) MrSA.l-.Ar9N* TArBN, IPAj IBTPS# IBCiLDA 

508 

• 

508 

• 000 


READ ( 5. 7C 1 LDTPS/PROA, PHBTPS.PPOCjPPCzHYCzSCA 

509 

9 

509 

*000 


RE*D(b,SO) SCTPS ... 

510 

9 

510 

• 000 

c 

w/s CORRECTION 

511 

9 

511 

.coo 


blanwt»blltps*tottps - . 

512 

• 

512 

.000 


wsc«0LANWT/(swi*swe) 

513 

* 

513 

• 000 

5 

TLAMWT»9LAK^r 

514 

9 

514 

.000 


D‘jwr» ( wsc/wst ) *4. 125 

515 

9 

515 

.000 

c 

Bflpy TPs wfight 

516 

9 

516 

.000 


NCWT •^CTP5« , viCA*DUWT 

517 

9 

517 

.000 


Fi8lOWT»rwOTPS#rWOA«PUWT 

518 

9 

518 

• coo 


CTWT»LTTPS«CtA#DUWT 

519 

9 

519 

.000 


CSWT«CSTPS«CSA*nUWT 

520 

9 

520 

.000 


CBWT*LBTPS«CBA»OUlNT 

521 

9 

521 

• oco 


CT0TA*CTA+CSA+C9A 

522 

9 

522 

.000 


CTBTl- T»i:T^T+CS^T*CBWT 

523 

9 

523 

• coo 


ATWT»ATTFS«AT*»DUUT 

524 

9 

524 

.coo 


ASwT-ASTPS. ASA nnUWT 

525 

9 

525 

.000 


AB^T»ABTPS#AnA*nUWT 

526 

9 

526 

.000 


AT6TA*ATA + ASa+ABA 

527 

9 

527 

.coo 


AT0TWT»aTWT+ASWT*A6WT 

523 

9 

528 

• coo 


8 asevt » a a S T p S*B ASA*OUWT 

529 

9 

529 

.000 


IBTWT«I'1A*!PtPS+1BC 

530 

9 

530 

• coo 


BTPSWT«\C"T'.F>.DWT*CTeTWT*AT8TWT*BA8EWT*TPSC0N*lBTWT 

531 

9 

531 

• oco 

c 

WING TPS "F I GMT 

532 

9 

532 

• cco 


l*3WA"*GA**AC0N 

533 

9 

533 

• coo 


W3LEA»WnwA»lKfiPLE 

534 

9 

534 

• 000 


WGTPSA«WG^A»wGLFA 

535 

9 

535 

.000 


WGLT»*GTPSA*wGTPS»DUI«iT 

536 

« 

536 

.000 


R3LFWT»''r-LEA»WLFTPS*DUWT 

537 

• 

537 

• 000 


T'vGWT »'/'iWT ♦WfU.FNT 

533 

• 

53? 

• coo 

c 

TAIL TPs WFIGHT 

539 

• 

539 

.000 


TWA«TLA«T A CBN ... ........ 

540 

• 

540 

• coo 


tlfa»twa*Tlple 

541 

• 

541 

.000 


ttpsa«tva*tlfa 

542 

9 

542 

.000 


TWT»TTPSA»TLT,PS«DUWT 

543 

9 

54 3 

.000 


tlfvt«ti fa«ti FTPS«DUWT _ 

544 

9 

544 

.oco 


ttwt»twt*tlewt 

545 

• 

545 

.000 


PCG’^T *PCSTF S»MCSA*DUWT 

546 

• 

546 

• oco 


LDTNT»L r 'A»LOTPS 

547 

• 

547 

.000 


PR0WT»PPBA*PROTPS*PPBC 
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TABLE 3.3-16 

PROGRAM LISTING (Continued) 


548 ■ 

548.000 

549 • 

549.000 

550 • 

550.000 

551 • 

551 .COO 

55? • 

552. COO 

553 • 

553.000 

554 • 

554*000 

555 • 

555. OCO 

555 • 

556. COO 

557 "* 

"557. CCO 

558 • 

558.000 

559 • 

559. COO 

560 • 

5 60 . 000 

561 • 

561 .000 

56? • 

56?, 000 

563 • 

b 6 3 i C CO 

5b4 • 

564,000 

565 • 

5 65 • COO 

566 • 

566,000 

567 • 

5fc 7 • CCO 

568 • 

568 . COO 

569 * * 

569. COO 

570 • 

570.000 

571 • 

571 .COO 

57? • 

57?. COO 

573 • 

573. COO 

574 • 

574 . CCO 

575 • 

' 575. CCO 

576 * 

576. CCO 

577 ■ 

577. COO 

578 ■ 

578. OCO 

579 • 

579,000 

580 • 

580.000 

581 • 

531.000 

58? • 

58?. COO 

583 * 

583. COO 

584 • 

584.000 

585 • 

585.000 

586 • 

5 86 . COO 

" 587 • 

“537. COO 

588 • 

568. COO 

589 • 

580.000 

590 • 

590. OCO 

591 • 

591. COO 

592 • 

59?. 000 

593 « 

533. COO 

594 • 

594 .000 

595 • 

595. OCO 

596 • 

596. COO 


SCWT»SCa*SCTPS ..... - - — 

TeTTPS-BTPSWT+TWOWT^TTWT+MCSWT 

1*LDTwT*PRBWT»PPC*HY C*SCW T 

6LANWT»0LLTPs*T0TTPS 

WSOBLAn^T/ISWI+SWC) 

IF ( AQS ( tLAN'WT«OLANwT ) »L£| It ) 00 TO 30 

Gft Tf) 5 - 

25 lF(SPUH.GT.C) Gf) T8 30 

WR 1 TF t F> . 1 00) — 

W R J T f. (6*800) T8TL5 *BASA>BaSEWTa JBTWTa TPSCON* BTPSWT 

09 T 0 AG 

30 WR I TE I F>* 900 ) TITLE 

WR1TE<6* 100) 

WRJTE16.2C0) - — 

^ JTE t6 ;- 3S0 j MCA»NCWtjF w DA»FWOWT«CTOTA«CT8TWT 

1j AT9TA, ATOTWTiBASA.BASEWTi IBTKITaTPSCSNjBTPSWT .. . 

AO WR t TF ( 6 > AOO ) AGTPSAiWGWT,wGLFAiWQLEWT«TWGWT 

WR I TE ( t > , SCO ) TTPSA.TWT.TLEA*TLEWT,TTMT 

RR 1 TE < 6/ 600 ) MCSAiKCSTPS 

WR I TF ( 6 j 650 ) LDTWT . PR8 WT , PPC* HYCi SCWT — 

WR I TE ( 6 « 700 ) TfiTTPS 


70 

80 

90 

100 

200 

300 


a no 

500 

600 

65 O 


700 

800 


900 


FORMAT ( 7F10«0) • 

FORMAT! IF 1 0 * 0 ) 

F 9 R M A I ( RC*2) - 

F9RMAT ( //< 3 BX 1 'TPS WEIGHT SUMMARY*) 

FORMAT (/, 29X, « JTEMl , 10X< * AREA*#10 Xa *W£ JGHT * } 

FORMAT ( /i 26 x, 'N0SE C0F)E 1 iBX* F10«0 a5XaF 10«0a/j 26X# 

1'FmO SECT* * jRX^FlO^O'SX/FtOiOj/AefeX* *CTt sect*** 

25X*F 1 0. 2> 5X» F10» Oa /a ?6X# • aFt SECT • * aBXaF 10»0a5Xa 
3F10*C< /, ?6X* iBASE * , 10X/FlC.O»5X*F10tO* / a26*a 
A'SROY 1ST* TPS '* 16XaF10*O./a?6Xa 'CONSTANT * a 21XaF10*0 

5////26X, 'TOTAL P0OY' * 19*<F10.0) 

FORMAT!/, 2Mi ' R I NG t a 10XaF10*Oa5XaF10*Oa/aH6Xa 
1 IWIMG LF.'j^X/FIO.OjRX,)’ IC.0,//,2(.X, * TOTAL W I NG I , 19X* F 
FORMAT ! /, 26Xj * TA IL * a IOXiF 1C«Ca5XaF10*Oa/a 26Xa 
l'TAIL LF. * 1 » 6X* F.l Ot C# 5XjF lc*0» //* 26X 4 I TOTAL T A l L * a 19* a P IP • Q ) 
FSRMaT ( / « 2&X i * M I S C. S* 'aAX,F1O*Oa5XaF1O«0) 

FORMAT (/* 2F.X, ' LAND* DOCK tPS * * 15X*F 10* 0* //a 26Xa ._ 

pPROP* TPS l * ?0X* F 1C* C* /X2#,Xj l PRIME PWR TPS * a 16Xa F 10 1 0 
2/ //?6** 'HYDRAULIC tPS • * 16XaF 10 • Oa //26X , t SURF • C8NT * TP$* 

3/ 1 A X a ^ 10. 0) 

F0RMAT ( //, ?6X* ' TST AL TPS I , 20X»F10*0// ) 

FORMAT (/, 26X, iB90Y.BASE'A?0X,F10.OA/*26X < iaASEI*10X,F10.0A 

l5X 4 F l 0*0 / ' > 2AX# » BODY 1 N T * TPS » A 16X a F t Q • 0 a // 26Xj l CONSI^NU 

2* ?. IX, F 10.0,//* 26X* I TOTAL BODY ' a 19Xa F 1 0 .0 ) 

FBRMAT(//a?9Xa20A2) 

return 

END 
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3.4 Landing and Docking Model - The Landing and Docking Model includes the 
main and nose landing gear, deceleration chutes, interstage separation systems, 
and cargo handling gear. 

3 . 4.1 Landing Gear - The main landing gear configuration used in the develop- 
ment of weight equations for the shock strut cylinder and piston is shown in 
Figure 3.4-1. The dimension ^5 locates the inboard and outboard wheel reactions for 
either two or four tires. The axle transmits the wheel loads to the piston 
which transmits its load through sliding bearings to the cylinder. The cylinder 
transmits its load to the side brace link and to the fuselage attach points. All 
the ground drag load is carried to the aft fuselage attach fitting. 

The critical sections for the cylindrical members are designed primarily by 
bending. It can be assumed that these members fail through exceeding an allowable 
modulus of rupture in bending ( F b) . The value of F b depends on d/t. Figure 3.4-2 
presents curves from MIL-HDBK-5B for low-alloy-steel tubing. An expression for 
cross sectional area was derived as follows. 


where F b is the bending stress, M is the bending moment, and S is the section 
modulus 

M 

F F 

where R,, = f * C ! = f" > and ±S ultimate tenslle stren 8 th - 

Even though bending is the overwhelming design condition, an allowance for 
other stresses can be made by using a value of equal to one. 

where R is the outside radius, r is the inside radius, d the outside diameter, 
and t the tube thickness. 

r 4s 1 V3 

R 4 7T(1 - Ki) J 
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For the cross-sectional area of a tube is 

oo 2 2 

A = tt(R - r ) = ttR (1 - K x ) 

The required cross-sectional area for a tube in bending becomes 



Not dependent on d/t and input Dependent on d/t or 

for each case. constant. 

It was determined that a reasonable range of d/t values for landing gear 
would be 15 to 30. The variation in area to d/t is shown below: 



Using d/t = 20, areas will vary less than 10 percent in the range of d/t's 
required. For this d/t, a value for 

of 1.21 yields only a 2.5 percent variation in area for all the F tu values in 
Figure 3.4-2. The required cross-sectional area reduces to 


*b F t< 
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Shock Strut Cylinder Weig ht Equation - Figure 3.4-1 presents the loading diagram 
and gear geometry. 

Cylinder Tube - The critical tube cross section is at A. A, and loading 
is based on braked roll with 20 percent imbalance between inboard 
reaction (V^.) and outboard reaction (V^) (i.e., 40-60 percent distri- 
bution of load). Ultimate loads are: 


D R " 0.4 W G (1.4) and V R = 0.5 W Q (1.4) 


where - greater of the maximum design gross weight or 1.2 times landing 
design weight 


V 0 = 0.6 V R ; 

v c = Lj ^ V 0^ L 5 + l 8 ) 


Vi = 0.4 V R 
- v I< l 5 - %)] 


S C ^ V c /tan 0 


V A + V B = V R + V c 

V A = h [ L 5 D R ' ( V R + V c) T" j 


M A _ A - 0.5 L x (V A 4- V B ) -L 4 D r 

The area of the cylinder is 

/ m a _a \ 2/3 [a7~ 

A c ~ 1 * 26 y.85 F t J 1 radius of cylinder = R c ^ 

and its weight 

“c " A c <L C ‘ V °- 283 

Cylinder Pivot Arms (Drag Brace) 

Forward Pivot - The critical cross section is at A-A (where arm 
attaches to cylinder), and loading is based on reverse brake roll 
(r* e * » V A has same value as for a brake roll). 
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M , = (V„ cos <f> + S r sin $) cos (L ) 

side B ^ A 



S c cos 4>) L a 

n b (d 3 - d x 3) . d 9 . h -_2R 9 sin 0 

* 6d 


e (2 R C - in sin 0)(.729 - d x 3) 

b x “ 5U 


allowable compressive stress * F c - 


M 


side 


_ d U (2R c ) 2 

- — Z 


7 5^ ''side 

d l T29 - f c (2R C - 9 sin 0) 

’’If rent j ^ ^front 

F c i 4 4 R c ^ F c “ 


area of forward pivot = A 


= £d - (d^ - d^) b i (d 1 - d^)l 


Web 


It is assumed that the web provides enough area for the axial load. 
The weight of the forward pivot arm is 


W_. = 1.05 L. (.283) (.5) 

FA FA 

Aft Pivot - Axial load and M gide change from Fwd pivot values for 
a braked roll. 


M si dc = - ( V B cos 0 ' r S C sin 0^ cos /9 - d r sin fi L p 


, 3 _ TOQ 54 M 'side 

d l " 729 F c ( 2R - 9 sin 0) 

area of aft pivot = A A = j"a - (d^ - dijj b . (d^ - d4) 

Web 

The weight of the aft pivot arm is 

W AA = 1.05 A. L. ( . 283) ( . 5) 

AA A A 
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Shock Strut Cylinder Weight - 


W, 


SC 


= W + W 


FA 


+ W 


AA 


Shock Strut Piston Weight Equation - The critical tube cross section is at 
the lower bearing for a braked roll. The moment at this point is 


“p - d r < l s - V 

The area of the piston is 


Mp 2/3 

Ap = 1.26 /- 

tu 

and its weight 

Wp = 1.5 Ap L c (.283) 

where 1.5 is a factor which includes bearings and lug end. 

The brace weight was taken to be 

BRACE = 0.1 * WC 

where BRACE = weight of the brace (lb) 

WC = weight of the shock strut cylinder (lb) 

Brakes - The standard kinetic energy relationship for heat sink material 
versus energy was used for the brake system on the main gear. The aircraft in the 
correlations used steel as the heat sink, and the brake weight was kinetic energy/ 
200,000, where 200,000 is the coefficient. Carbon brakes, as used in the Orbiter, 
require a modification in the coefficient. The steel brakes have an equivalent 
stack or amount of heat sink equal to 1.0, and an amount of associated material 
equal to 50 percent of the stack, or a total efficiency factor of 1.5. Carbon 
brakes have a stack of one, but there is an associated material increase to 90 
percent, or an efficiency factor of 1.9. Combining the relative efficiencies of 
the two materials and the theoretical carbon heat sink capability of 400,000, the 
brake weight becomes 

kinetic energy/315,000. 

Tires and Tubes - From tire data in Reference J, a relationship between 
static load, and tire and tube weight was determined. A plot of this data is 
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shown in Figure 3.4-3. The relationship was determined to be: 

TWTT = SL * .006875 

where TWTT is the weight of tires and tubes (lb), and SL is the static load (lb). 

Attach Fittings - A relationship between weight of the shock strut cylinder 
and the attach fittings was found in Reference Q. The relationship was found to 

be: 

ATF =0.06 (TWSSC) 

where: ATF is the weight of the attach fittings (lb), and TWSSC is the total 

weight of the shock strut cylinder (lb). 

Wheels - From wheel data in Reference J, a relationship between static load 

and wheel weight was obtained. A plot of these data appears in Figure 3.4-4. The 

relationship was determined to be: 

TWH = SL/266 . 6667 

where: TWH is the wheel weight (lb), and SL is the static load (lb). 

Axles - From a sample of commercial aircraft, a relationship between wheel 
weight and axle weight was determined. That relationship was found to be: 

AXLES = TWH * 0.4426 

where: AXLES is the axle weight (lb), and TWH is the wheel weight (lb). 

Controls - The weight of the controls was obtained using an equation found 

in Reference Q. This equation is 

Controls = 0.225 (WT) 

where: Controls is the weight of the controls (lb), and WT is the total other 

weight of gear (lb) . 

Nose Gear - For the nose gear, a similar approach was taken to determine 
wheel, tire and tube, axle, and attach fitting weights as was used on the mam 

gear. 

The structural weight was assumed to be a percentage of the main-gear 
structural weight. 

The control weight was determined through the use of the equation 

0 95 

Contn = (WTNG) * 0.85 
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240 T- 





















TWTT = 

SL *.006875 . 
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n a 

O 








16 20 24 
STATIC LOAD - 1000 LB 


FIGURE 3.4-3 TIRE WEIGHT 



FIGURE 3.4-4 WHEEL WEIGHT 
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where: Contn is the control weight for nose gear (lb), and WTNG is the total 

other weight for nose gear (lb) . 

3,4,2 Deceleration Chute - The deceleration chute weight is determined 
from data used during the Shuttle Phase B effort, and is essentially an analytical 
correlation of the Mercury and Gemini systems. The following are the theoretical 
relationships : 

Drag Chute Yg = Y cp + Y R + Y C0 NT + Y ATT + Y CIRC 
Chute Pressure 

0 = .07528 (1.6878 VTD) 2 

2g 

Number of Risers 
= Dott 


Riser Breaking Strength 


S = _JL C (Do) Q(2.3) 

An 


.91 


Riser Unit Weight 

(A - -007 s — \ 

\ L /r V 1000/ 

Y rp (Canopy) = .0074 (Q^)' 57 (Do 2 + 3Do) 


'CP 

Y (Risers) = 

R 


• " (4 

(Container) = .1^- (Y^p) 


yCONT 

Y A tt Ftng) = .2 (Y CP ) 

Y ___ _ - Estimated 
’CIRC 


- Estimated 


y ejection 

NOTE: Pilot chute weight calculated using same equations as drag chute, 


where: Do is the effective chute diameter (ft), C Q is the chute drag coefficient 

and VTD is the touchdown velocity (knots). 


3.4-9 


MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EAST 


DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


These equations are combined in ESPER as the simple relationship: 

CHUTE = 1.5 *[1.82 *(0.0074 *(.07528/ (2. *32. 2) 

& *(1.6878 * VTD) **2) **.57 *(D*D 
& +3. *D) + 10.)] 

where the estimated chute diameter and the touchdown speed are the inputs. 

3 - 4 - 3 Payload Handling System and Interstage Separation - The payload hand- 
ling system (manipulator, etc.) is a user controlled device and is considered a 
user input. The interstage separation mechanism is not configuration dependent, 
and as a relatively complex device, does not lend itself to a simplified weight 
estimation relationship, and is also considered a user input. 

3.4.4 Model Accuracy - The landing gear model was checked for accuracy by 
comparing it with the actual weight of several aircraft of comparable landing 
weight and size. The following results were attained: 


Aircraft 


DC-9 
DC- 7 
DC- 8 
C-124 
C-133 

NR-Orbiter 


Actual Weight 
(lb) 

2784 

4028 

8988 

9162 

8275 

7994 


Model Weight 
(lb) 

2503 

4169 

7586 

5612 

8463 

8827 


This comparison indicates that the model predicts the weight of the four airplanes 
an average of 15 percent lower than the actual, while predicting the NR Orbiter 10 
percent higher. This variation on the Orbiter could be caused by a reduction in 
design service life as compared to commercial type gear. 

Table 3.4-1 is a list of input data, representing the NR Orbiter test run on 
the landing gear model. The dimensional data is schematically represented in 
Figure 3.4-5. 

The model in ESPER has a greatly reduced input, listed with only the strut 
length, material , landing speed, wheel quantity, and brake type being required. 
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TABLE 3.4-1 
INPUT DATA LIST 

Ll = 94.92 (IN) L2 = 18.98 (IN) L3 = 58.46 (IN) 

L4 = 47.46 (IN) L5 = 25.50 (IN) L6 = 9.00 (IN) 


LS 

= 

116.93 (IN) 


FTU 

= 

280000. (PSI) 

- material allowable 

PHI 

= 

.00 (DEG) 


WL 


215115. (LB) 

- design landing weight 

NUMNT 

= 

2.0 

- number of nose gear wheels 

NGR 

= 

79000. (LB) 

- nose gear reaction 

WG 

= 

215115. (LB) 

- design gross weight 

THETA 

= 

45.00 (DEG) 


VSTALL 

= 

150.0 (KNTS) 

- design landing speed 

NUMW 

= 

4.0 

- number of main gear wheels 

MGR 

= 

235000. (LB) 

- main gear reaction 

IBTY 


1 

- brake/type if 0 is steel brakes 


if 1 is carbon brakes 




FIGURE 3.4-5 MAIN LANDING GEAR 
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Table 3.4-2 is the test case output for the NR Orbiter. It should be noted 
that the main gear weight is for one side only. This is followed by a detailed 
listing of the model (Table 3.4-3). 


TABLE 3.4-2 
MAIN GEAR WEIGHT 

MAIN GEAR WEIGHT 


CYLINDER 

z 

363.24 

LBS 

FORWARD PIV0T ARM 

z 

150.13 

LBS 

AFT PIV0T ARM 

z 

120.84 

LBS 

BRACE 

z 

36.32 

LBS 

T0TAL SH0CK STRUT CYLINDER 

z 

670.54 

LBS 

BRAKES 

z 

42 4.79 

LBS 

TIRES AND TUBES 

z 

1009.77 

LBS 

WHEELS 

z 

550.78 

LBS 

AXLES 

z 

243.59 

LBS 

ATTACH FITTINGS 

z 

75.43 

LBS 

CONTROLS 

z 

494.81 

LBS 

SHOCK STRUT PIST0N 

z 

283.96 

LBS 

TOTAL 

- 

3753.67 

LBS 

N0SE GEAR 

WEIGHT 


TIRES AND TUBES 

- 

434.50 

LBS 

WHEELS 

z 

1 18.50 

LBS 

AXLES 

z 

52.41 

LBS 

STRUCTURE 

z 

171.66 

LBS 

ATTACH FITTINGS 

z 

48.27 

LBS 

CONTROLS 

z 

495.88 

LBS 

TOTAL 

z 

1321 .21 

LBS 
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1 .000 
2.000 

3.000 

4.000 

5.000 * 
MGR, NOR, 

6.000 * 

7.000 

8.000 
9.000 

10.000 
1 1.000 
12.000 

1 3.000 

14.000 

15.000 

16.000 

17.000 

18.000 

19.000 

20.000 
21 .000 
22.000 

23.000 
24. COO 

25.000 
26. COO 

27.000 

23.000 

29.000 

30.000 

31.00 0 

32.000 

33.00 0 

34.000 

35.000 

36.000 

37.000 

38.000 

39.000 

40.000 

41.000 

42.000 

43 .000 

44.000 

45.000 

46.000 

47.000 

40. 000 

49.000 

30.000 
5 1 .000 

52.000 

33.000 


TABLE 3.4-3 
PROGRAM LISTING 


REAL LA, LS.LC.Ll , L2 , L4 , L5 , L7 , LR, MAA , L3 , L6 
REAL MR I RE, MFRPNT , MSIPEP , MP , NUMW, MGR, MGR , NUMNT 
INTEGER ADD , YES / *Y '/, ND/ 'N *7 


NAMELIST 
LI ,L2,L3,L4 


. L5 ,L6. L7.L8.LC . LS . P . WG , FTU .PHI .THETA 


NUMNT , IDTY 
WRITE (108, 33) 

ANG 1 = 0. 

A NG2 = 0. 

100 LI = 0. 

L2 = 0. 

L3 = 0. 

L4 t 0. 

L5 = 0. 

L6 = 0. 

IPTY = 0 
L7 r 0. 

L8 = 0. 

n = o. 

NUMNT : 0. 

Nil MW : 0. 

I NP1IT ( 1 ) 

IFCTH~TA.NE.ANG1) THETA =THETA*3 . 1 4 1 59/1 80 . 
I FC PH I . WE. ANG?.) PHI=PHI*3.14159/1P0. 

A NO 1 = THETA 


NUMNT = 2. 
Nil MW = 4. 

LG 

.2*LG 
. 5*LS 
. 5*LC 
25.5 


A \'02 = PH I 
I FC M!JM NT . EG . 0 . ) 

I FC NUMW.EO.O.) 

I^CLl .FQ.O.) LI 
IFCL2.EQ.0.) L2 
I FC L3 , ER. 0 . ) L3 
IFCL4.FR. 0.) L4 
IFCL5.ER. 0.) L5 
IFCL6.ER. 0.) L6r9. 
t cm q ro.O.) L8 = L4+TANCPHI) 

IFCL7!ep.O.) L7 :L6+L3 /TAN (THETA) -L8 
IFCD.ER.O.) D = 9. 

T re t^T v FQ 1) T F 1314 

SRKWT = (WL/1 • P) *( Cl »SR78* VSL) **2 • ) /200000 • 
pf 1315 

1314 ORKWT = (WL/1 28. 8) *( ( 1 • 6878* VSL)**2. ) /3 1 5000 

1315 CONTINUE 


<^p ; MGP/NI1MW 
WTT = SP* .006875 
TWTT = WTT+NUMW/2. 

VI H = SP/266. 666667 
TWH - WM* Nil MU /2 . 

AXLES = TWH*. 44226 
HR r ,5*WG* 1 . 4 
PP- . 4*WG* 1 .4 
HI = . 4 * HP 
\) n - .6 * VR 

vn : Cl ./L7)*(VP!*CL5+L8)-VI*CL5-LR)> 
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54.000 

55.000 

56.000 

57.000 

58.000 

59.000 

60.000 
61 .000 
62.000 

63.000 

64.000 

65.000 

66.000 

67.000 

68.000 
69.000 

70.000 

71 .000 

72.000 

73.000 

74.000 

75.000 

76.000 

77.000 

78.000 

79.000 

80.000 
81 .000 
82.000 

83.000 

84.000 

85.000 

86.000 

87.000 

88.000 

89.000 

90.000 

91 .000 

92.000 

93.000 

94.000 

95.000 

96.000 

97.000 

98.000 

99.000 
100.000 
101.000 
102.000 

103.000 

104.000 

105.000 

106.000 


TABLE 3.4-3 

PROGRAM LISTING (Continued) 

SC r VC/TANCTHETA) 

VA = <1 ./LI )*(LS*DR-((VR+VC)*(Ll/2.))) 

VB = VR+VC+VA 

MAA=.5*L1*(VA+VB)-L4*DR 

AC = 1 .26*((MAA/C.B5*FTIJ))**<2. 0/3.0)) 

RC = SQRTCAC/. 596902604165) 

WC = AC*(LC-L2)*.283 
BRACE = ,1*WC 
B = 2.*RC-9.*SIN(PHI) 

BETA ; ATAN((L2+L4)/L1) 

LA = (,5*Ll-RC)/(C0S(BETA)*C0S(PHI)) 

MSIDE = (VB*C0S(PHI)+SC*SIN(PHI))*C0SCBETA)*LA 
MFR0NT = ( VB*SI N(PHI)-SC*C0S(PHI) )*LA 
FC = FTU 

D 1 = ( 729 ( 54 .*MSIDE) /( FC*(2.*RC-9.*SIN (PHI ))))**(! ./3.) 

D4 r 6.*MFR0NT/(4.*FC*RC*RC) 

AF = CD-<D1-D4) )*B+(D1-D4) 

WFA = 1 .05*AF*LA*.283*.5 

MSI DEP = ( ( VB*C 0S (PHI )+SC*SI NCPHI ))*C0S(BETA)-DR*SIN(BETA)) *LA 
DIP = (729.-(54.*MSIDEP)/( FC*(2 ,*RC-9.*SI N (PHI ) )))**(l./3.) 

AA : (D-CD1P-D4)) *B+(D 1 P-P4 ) 

WAA = 1 .05*AA*LA*.283*.5 
MP = DR*(LS-LC) 

AP = I .26*(MP/FTU)**(2./3.) 

WP = 1 .5*AP*LC*.283 
TWSSC = WAA+WFA+WC+BRACE 
ATF = . 0 6*TWSSC**1 . J 

WT = TWSSC + WP+BRKWT+TWTT+AXLES+ATF+TWH 
C0NTR0LS = ,225*(WT**.95) 

WT = WT + C0NTR0LS 

THETA2 = THETA* 1 80 . /3 . 1 4159 

PHI2 = PHI*180./3. 14159 

SPN = NGR/NIJMNT 

WNT = SPN*. 006875 

TWNT = WNT*NUMNT 

WHN = SPN/266. 66667 

AXLN = WHN*. 44226 

STN = TWSSC*. 40 

ATFN = . 06*TWSSC**1 . 1 

WTNG = TWNT+WHN+AXLN+STN+ATFN 

C0NTN = CWTNG**.95)*.850 

WTNG = WTNG+C0NTN 

WRITEC1 08,33) 

WC = WC* 1 .25 
WFA r WFA* 1.25 
WAA : WAA * 1.25 
BRACE = BRACE * 1.25 
TWSSC = TWSSC * 1.25 
AXLES = AXLES * 1.25 
WP = WP * 1.25 
C0NTR0LS = C0NTR0LS*1 .25 
ATF = ATF*1 .25 
BRKWT = BRKWT * 1 .25 
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TABLE 3.4-3 

PROGRAM LISTING (Continued) 


107.000 TWTT = TWTT*1 .25 

108.000 TWH = TWH* 1 .25 

109.000 WT = TWSSC+WP+BRKWT + TWTT+AXLES+ATF+TWH+C0NTR0LS 

110.000 TWNT = TWNT*. 80 
1 1 1 .000 WHN = WHN*. 80 

112.000 AXLN = AXLN*. 80 
1 1 3.000 STN = STN* . 80 

1 1 4.000 AT FN : ATFN*.80 

115.000 C0NTN = C0NTN*.8O 

116.000 WTNG = TWNT+WHN+AXLN+STN+ATFN+C0NTN 

117.000 WRITE (108, 3 4) LI ,L2,L3 ,L4 , L5 , L6, L7.L8, LC ,LS, WG, FTU , THETA2 ,PHI2 , 

VSL, WL , 

1 1 R 1 00 0 A NUMW , NUMNT , MGR , NGR 

119.000 WRITEd 08, 1 05) WC,WFA ,WAA, BRACE, TWSSC.BRKWT, TWTT, TWH, AXLES, AT 
F 


120.000 A , C0NTR0LS , WP , WT 

121.000 WR I TEd 08 , 1 06) TWNT, WHN, AXLN, STN, ATFN,C0NTN,WTNG 

122.000 WRITEd 08,33) 

123.000 106 F0RMAT (1 9X, N0SE GEAR WEIGHT', // v 

124.000 A 10X,' TIRES AND TUBES = ',F9.2,' LBS ,/, 

125.000 A 1 9X, WHEELS = ',F9.2^' LBS',/, 

126.000 A 20X, AXLES = ',F9.2, LBS',/ t< 

127.000 A 1 6X , ' STRUCTURE = ',F9.2 ' LBS J, 

128.000 A 10X, ' ATTACH FITTINGS = ,,F9.2, LBS ,/, 

129.000 A 1 7X , ' C0NTR0LS = ',F9.2,' LBS ,/, 

130.000 A 20X ' T0TAL = ',F9.2, LBS ,//) 

131.000 33 F0RMATC///) . , 

132.000 105 F0RMAT(19X, MAIN GEAR WEIGHT ,//,l7X, CYLINDER 

' LBS ',/, . . . 

133.000 A SX, ' F0RWARD PIV0T ARM = ,F9.2, LBS ,/, ^ 

134.000 A 1 2X , ' AFT PI VST ARM = ',F9.2, LBS ,/,20X, BRACE = 


LBS ,/, 
135.000 A 

* 


'T0TAL SHOCK STRUT CYLINDER 


'.F9.2, ' LBS ', / , 1 9X , ' 


F9.2, 


\F9.2, ' 
BRAKES = 


(36.000 A 

137.000 A 
, ' LBS',/, 

138.000 A 
LBS ',/, 

139.000 

1 40.000 

141.000 

142.000 

1 43.000 
1 44.000 

1 45.000 

146.000 

1 47.000 

1 48.000 

1 49.000 

1 50.000 

151.000 

152.000 

153.000 

154.000 

155.000 

156.000 

157.000 

158.000 


F9 2 * LB ^ 0 

10X, 1, TIRES* AND TUBES = ',F9.2,' LBS',/,19X,' WHEELS = ,F9.2 


20X, 


1 7X, 

7X . ' 


A 
A 

A 20 X. 


AXLES = ', F9 .2 , ' LBS ',/, 1 1 X, 'ATTACH FITTINGS = '.F9.2, 

LBS',/, 


C0NTR0LS = F9 .2 , LBS ,/, 

SH0CK STRUT PIST0N = ,F9.2, 

T0TAL = ', F9 .2 , LBS ',//) 

9996 ’ C0NT I NUE 

0UTPUT ' ARE Y0U FINISHED? CY 0R N) 

READ 5, ADD 
5 F0RMATC33A4 ) 

I F (ADD. EO . N0) G0 TR 100 

34 F0RMAT( ' LI = ,F6.2, (IN) ,6X, L2 = ,,F6.2, 
'(IN) ',5X, ' L3 : ', F6.2 , (IN) , /, , L4 = ,F6.2, 

/ ^ -w * . r f T kl > ^ ^ 


'(IN) ', 6X ' L5 : ' , F6 .2 , (IN) 


L6 =',F6.2, (IN) ,/, 


L7 r V ,F6.2,'(IN)',6X,: L8 = fc F6.2, <dN) J , 

LC =' FS.2 '(IN)',5X,' / LS = , F6.2 , (IN) v /, 

' WG =' F8.0 '(LBS)',4X.'FTU = . F8.0 CPSI) /. 

4X, 'THETA = ' F6.2, (DEG) ,3X, PHI = .F6.2 (DEG) / 
4X 'VSTALL =',F5.1. (KNTS) .2X* WL = ,F8.0, (LBS) , 

4 X 'NUMV =',F5.1 v l6x, NUMNT ,= .F5.1,/, 

4X , 'MGR :',F8.0, (LBS) ,3X, NGR = ,F8.0, (LBS) , //) 

ST0P 

END 


/. 
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3,5 Propulsion Systems - The estimation models for the propulsion systems are 
analytically derived from Orbiter point designs. This section covers the Main 
Ascent Propulsion Systems and the Auxiliary Propulsion System. The Airbreathing 
Engine System (ABES) is considered a user-dependent system and the weight 
is user input, 

3.5.1 Ascent Propulsion System - The ascent propulsion model essentially 
scales an Orbiter point design, using similar methods as those in the original 
analysis . 

The feed lines are strength analyzed for the loads derived from the geometry, 
accelerations, and propellant densities. Line diameters and valve sizes on the 
baseline vehicle were predicated on the elastic response of the feed systems 
combined with propellant for the dynamic environment created by the engine start 
up and maximum thrust conditions. These system sizes are locked into the program 
for the basic point design and are scaled within the program for variations of 
thrust and number of engines to maintain constant full-thrust fluid velocities. 
Minimum gage criteria is locked into the program, allowing the user a variation 
of mi nimum thicknesses as a function of material. The program then calculates the 
weight of the feed lines for the critical parameter of strength analysis or 
minimum gage. The weight of bellows, valves, and couplings are based on curve 
fits of existing hardware data. 

The secondary (by weight) subsystems are scaled by their individual critical 
parameters. Changes in concept or approach through a revised point design are 
accommodated by revising the input baseline weights and associated parameters. 

It is felt that the ratio approach is in accordance with the philosophy of minimum 
input for items which are not-major weight driven in the program. 

The engine weight is based on a curve fit of actual data. An equation of 
the form W = CT X , where W is the engine weight, C is a constant, T is the thrust, and 
X is the slope written for a log-log plot of comparable type engines, Figure 3.5 1. 
This curve is then "fit" through the basic point design engine weight with the 
exponent or slope input by the user . 

Table 3.5-1, Input 104, is a listing and definition of the semipermanent vari- 
ables representing the baseline point design vehicle. They are listed as separate 
inputs in the propulsion model, but are "locked in" the orbiter Module program. 

This was done to reduce the number of required input variables in the program and 
overall simplification. If it is desired to modify any of these variables, the 
respective "card" in the module must be changed. 
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TABLE 3.5-1 
INPUT 104 


Variable 

Name 

BENGNO 

BAENG 

ESLP 

BETHST 

BPUTL 

BFAD 

BPRES 

BCHIL 

BRECIR 

BDIAIN 

BPOGO 

BDIAD 

GES 

SUPTF 

HDOOR 

ODOOR 

MISCF 


Number of ascent engines in baseline 
Baseline ascent engine weight 

Slope of line on log log paper thru engine wts 
Baseline ascent engine thrust (vac) 

Propellant utilization system weight - baseline 
Fill and drain system weight - baseline 
Baseline pressurization system weight 
Baseline chilldown dump lines 
Baseline recirculation system weight 
Baseline engine inlet diameter 

Baseline pogo increment per valve (valve penalty only) 
Baseline external tank disconnect diameter (H^) 

Maximum acceleration rate 

% of valve, duct, and bellows wt needed for supports (as />) 
Weight of disconnect cover door provisions LH^ 

Weight of disconnect cover door provisions LOX 
% of main prop system less engine added for contingency 


Table 3.5-2, Input 105, is the listing and definition of the input parameters 
which are expected to readily change in order to represent modifications in 
configurations . 

Table 3.5-3 is a listing of test case input variables. Table 3.5-4 is the 
corresponding output. These are followed by a detail listing of the Ascent 
Propulsion Model (Table 3.5-5). 
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TABLE 3.5-2 
INPUT 105 


Variable 

Name 

ETHST 

ENGNO 

POGO 

SPI 

HHEAD 

OHEAD 

HULL 

OULL 

FTU 

RHO 

MATL 

HCLEN 

OCLEN 

HELEN 

OELEN 

CPLGI 


Desired ascent engine thrust (vac) each 
Number of ascent engines 

Pogo suppression indicator POGO = 1 is yes POGO = 0 is no 

Series/Parallel indicator SPI = 1 is series SPI « 0 is parallel 

Height from top of H 2 tank to engine interface in inches 

Height from top of 0 ^ tank to engine interface in inches 

Hydrogen tank ullage pressure 
Oxygen tank ullage pressure 
Ultimate strength of duct material 
Density of duct material 

Min gage indicator (0) none (1) ARP735 & MDACW-STL(2) MDACW-AL 
(3) MSFC-AL (4) MSFC-STL 

Hydrogen-combined flow-length of ducts - inches 
Oxidizer-combined flow-length per side of ducts - inches 
Hydrogen-engine hook up - length of ducts - inches 
Oxygen-engine hook up - length of ducts - inches 
Coupling type ind CPLGI=0 is bolted CPLGI=1 is Vee-Bolt 
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TABLE 3.5-3 

f . , ; i . . a i r, i INPUT DATA 

i o '> 

1 • . ) ! ) l J 1 \ !\ !\ j r; i j = 3 • » Hs A *\ l\ 1 t = > / ! ~ 1 • . I _ 0 > . ... . . t j • i — *4 t U O U . » -ri, 1 L = 1 U • 

1 • : i ) i -> F ) = 2 j ^ • » 2 i > ^ K -S = 1 riS«*^CHIL = 1 o 3 • > > s r; (J I /, = o H o • * : > 0 i * » i i\ — 1 2 * 

• i • i ' 1 j < j " * r J C 1 7 LJ = l j v J • p B L) I A D = 1 i • » b E = 3 • * L* P 1 H = 2 D • > H 13 .J L = ^ ■ ) • 

a •on o ; !)l;u ' = ^o . >MlbCF=io. 

* 

- '-■< *•' ' J I I AF I K •. b . 


"'M • I i\2 

* 1 II)-^ 9 

1 .0 )0 H 1 H.s i -4 fr- 000 . * KiVjImL/ = 3 . , r J L'iu= 1 . * bPl =U . ,.HHEAU = l >*6 . 

A • .) = 1 3>. i . , H!JLL = 6b . > LllLL=30 • *? 1 i: = ybOOO • * aP.L = ,P.h 6 
. i ) : ■ \ i l= 1 . , HCL?N«20 • * CCLE»\ = yO . » HKLEN=77 . * L'hLEi\ = l id, , CrL jI=1 • 

/. . j )u • 


TABLE 3.5-4 


OUTPUT 


p ; JPOLb I Ci\ AbCEM 

ri3 li': A . 

KN-i I t\'Eb i AC KboCO ; 1 fclb 

1 V 1 6 1 1 . 

E N (j 1 1\ e o 

1 M V a . 

o i mhal or.-) i\-; o 

\ <>-'d . 

COM PC Lb 

/ J ri . 

P.PUPELLAM LiILlA* 

1 0 . 

P H (j P HI L L A |\ i bY o 1 r. Pi 

^1 • 

PILL 5 

21 

PKLbbUr. I/.A'l 1 L;\ 

1 bh * 

CP ILL UldWN D0*1P LlNEb 

0 * 

PoE VALVF.b . 

10*1. 

r KLO j Y b i E -I 

2 02 7 . 

o I jC :om\ i *.c i b 

^ * (J . 

M l bCELL A a E 0 J b 

611. 


*STOP* 0 
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TABLE 3.5-5 

ASCENT PROPULSION MODEL LISTING 


9500 • 000 

9501 .000 

9502 .000 

9503 .000 

9504.000 

9505 .000 

9506 .000 
9507 .000 

9508 .000 

9509 .000 

9510.000 1 

951 1 .000 C 

951 2 .000 

9513 .000 

951 4 .000 

9515.000 C 

9516 .000 
9517 .000 

9518.000 C 

9519 .000 

9520.000 C 

952 1 .000 

9522.000 C 
9523 .000 

9524.000 0 
9 52 5 .0 00 

9526.000 C 
952 / .000 

9528.000 C 

9529 .000 

9530.000 

9531.000 0 

9532 .000 

9533 .000 

9534 .000 
9535*000 

9536.000 C 

9537 .000 

9538.000 

9539.000 

9540 .000 

9541 .000 

9542 .000 

9543 .000 

9544.000 C 

9545.000 
9546 .000 

9547.000 

9548.000 
9549 .000 

9550.000 
9551 .000 

9552 .000 

9553.000 

9554 .000 

9555.000 


■ \ ft A L t'j 1 5 L» » M I 5 0 f j 0 Au 

KAMEL 1 5 i o 

9 < BftNOKO , BAfttVj , E3LP> 8ft i hi i > 8 80 i L $ 8ft AO # 8Pt\E5# 
p < OC H I L . A .3 L (J 1 1 v > i U I A 1 f\ j r > p 0 J 0 j 5 U I A 0 » 5 E ^ * .3 U P 1 ft # h 0 0 0;< » 
p UOO UK # ft 1 ) C K > 

ft I H 8 1' # ft i\ J i\ 0 # P 0 3 0 .» o P 1 * H H ft AO# U 8 . E A U # HULL# 

«UJlLL#ft I . I » \ 8 0 # 8 A 1 L# OCLEK* UCLEN# HftLEiv# 

£ l>'LftM CPL II 
C ALL ft Or 3 ft i C 9 9 8 .3 ) 

I.NPiM < 104) 
it\P0i i (105) 

C ALIO ,>LA i ft ft A 1 i\ ft t \ 5 I i\ft J . 
ftC.3 1 =8 Am\ 8/8K l H.S 1 **ftoLr* 

EiVi l = ft C 3 i * ft 1 H :> j * * ft.3 L 8 
ft ( v j = ft ;\ J N l: * ft t\ j J 

CALC JLAift 1 7C .vi . 

1 7 CU = . 00 04 22 *h. i H5 l +2 08 • 
i 7 C = 1 7 C • i + ft i\ ^ t\ O 

CALC PLATE 1 ji\lll^i\ Ai\0 CCK i:\UL ;; J . 

CCiv 1 1 \ = 3 7 7 . +6 / • ^lOCKU + P o5u*fti\-5i\0* 53 .34 
CALC ; ’LA i ft Pr-. Ur ELL AM • j 1 I L I /. A i ION sto .J 1 . 

Pr Po i L = 8r i i L 

CAL-Cft'LA i ft ft 1 LL AM) u t \A i K ;i i • 
ft A 0 = < r A i ) 

C '^LC iLA i ft PKft,33 ft ; 1 /.A i I oi\ of 3 J i . 

ft i : ft 8 = ft pr\ fto * ( ( ft i Hoi * fti\8 ,\ 0 ) / ( 3 E I r 3 i *8 ft iUi i\U ) ) ** • 3 

CALC 1 ILA i E ChlLLOUm O'jftr o T 3 ;i » 

0 ft I L = ( ) C 8 1 L / 8 ft i\ 3 [\ ft ) * ( ft i H 3 1 / 8 ft i H o i ) * * • 5 * ft i\ 8 ;\ 0 

C A LC • I L A l ft r, ft C 1 :< C 5 Y o .v i . 

; EC I . \ = i .8 EC 1 ft * ( ( ft i 8.3 i * ft <\ 3 1 \ 3 ) / ( 8 ft i H.3 l * 8 C ) ) * + • 5 * or 1 

1 F ( 3 P I . j i • O . ) C h I L = 0 . 

C ALC OLA | ft p A ft ;al>K vi. 

I ) I A 1 ,\ = 8 l) I A 1 iv * ( ft i H 5 i / n ft j i-.j| ) * * . 3 

7 A L 7 ft = 1 . 582 *0 1 A [ i\ * * 1 • / b 

028 7=8 1 \ a i\ J * ( 7 A L V ft + f'bi^trjf v u ici ) 

L2P 7 = Ei\ JM *7 AL7E 

CALCtJLAlft la! 0loCJi\i\KCi Ji. 

0 1 A | ) = 3 ► ) l A I J * ( ( ft j Hoi * ft i\ 3 ft 0 ) / ( 8 ft ( h 8 i * 3 ftft 3 ft t> ) ) * * • 5 

0 I Au:\= ( « 1 2 5*0 I Ai) **2 . ) ** . 5 

IJ I AO o = :>P I * < . 3*U I AU-+*2 . ) + + . 3 

1 " (381 .ft^.O. ) 0 I A L) 3 = 0 1 A 0 
820 7=1 . 332*0 I AO** 1 . /h 

C 2u 7 = 3P 1 *2 • * 1 • 0 88 *0 1 ADO * * 1 • / c 
lft ( >P 1 .ft 1 . .0 . ) 020 7 = 820 7 
CALCuLA i ft ft Eft o :../0C i : i . 

HP ft 8 = H 1 lLL + H4ftA0*0Ko*4 .4/ 1 /2b . 

0 P n K 5 = 0 1 ! L L + J H F A 0 * 3 ft 3 * / l ./l /2o . 
i hl.} = Hift‘\ ft 3 *U I AO/ft l 8 
j 80ft = 0 . 

1ft CP'A i .E'. . 1 ) 1 H O v ! = .002*0 I A 0 + .008 

I " ( -1ATL . ft .. .2) i ^Oi*i= .003*0 I Ao+ .u 1 0 
I ft ( '1 A i L .EJ .3 ) J HU,v|= .003*01 AL) + .030 
I ft ( -i A | L .ft J .4) J'80^= • U O 2 * 0 I A 0 + .024 

I ft Cl 80,8. j 1 . i HO) i Hi) = 1 HUM 
i 0 ! ) = : ) P.8 ft 5 * L) I A 0 0 /ft 1 li 
i U u i v i = 0 * 
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TABLE 3.5-5 

ASCENT PROPULSION MODEL LISTING (Continued) 


»»M.eoo 

_»5S7 .000 

9558.000 

9559 .000 

9560 .000 

956 1 .000 

9562 .000 
9563 .000 

9564.000 

9565.000 

9566 .000 

9567 .000 

9568.000 

9569.000 

9570.000 

957 1 .000 
9572 .000 

9573.000 

9574.000 

9575.000 

9576 .000 

9577 .000 

9578.000 
9579 .000 

9580.000 
9581 .000 

9582 .000 

9563 .000 

9584.000 

9585.000 

9586 .000 

9587 .000 

9588.000 

9589 .000 

9590 .000 

9591 .000 

9592 .000 

9593 .000 

9594.000 

9595.000 

9596 .000 

9597.000 

9598.000 
9599 .000 

9600.000 

9601 .000 

9602 .000 

9603 .000 

9604 .000 

was. ooo 
t * 0« .000 
W07.000 C 
W08.000 


IF CMATL .EQ . 1 ) T 00*1= . 002*0 I AD 0+ . 00b 
I F ( MAIL . EQ .2 ) T0OM=.OO3*OIAO0+.O1O 
IF CMATL .EQ .3) r0OM= .003*01 AD0+ .030 
IF CMATL .EQ .4) 1 0DM = . 002 *0 I AO0 + .024 
IFCT0DM.GT.T0O) 10U=10OM 
THE=HPRE5*DIAIN/FTU 
T0E=0PRES*OIAIN/FTU 
TEM=0 . 

IF CMATL. EQ . 1 ) IEM= .002*0 I AIN + .008 
IF CMATL . EQ .2 ) TEM= .003*D 1 A I N + .0 I 0 
IFCMATL.EQ.3) T EM* . 003*0 I A I N+ • 030 
IF CMATL .EQ .4) TEM= . 002 *0 I A 1 N+ . 024 
IF CTHE .LT • l EM) THE* TEM 
IF CTOE .LT .TEM) T0E=1EM 
HDUCT=HCLEN*3 . 1416*01 AU*1 HO*RHU 
K + HELEN* ENG N0 *3 . 1 4 1 6 *0 1 A 1 iN* 1 HE*K H0 
JAC = HCLEN* C 3 • 1 4 1 6 /2 • ) * C 2 • + 0 I AO ) *3 • 1 4 1 6 * • 0 1 2 
4*. 2 86+ HE LEN*E MONO *3. 1416 /2.+C2.+01AIN >*3.1416 
**.012*.2tt6+CHCLEN*Cl . +0IA0)*3.I416*1 • 
l+HELEN*EN3N0* C l . +01 AO )*3. 1416*1 .)*5./1 728. 
HDUCT*HDUCT ♦ JAC 

UOUCT=0CLEN*3 .1416*01 AUe*iCU*RH0*Cl.+3Pl) 

4 +0ELEN*ENGN0*3 . 14 1 6*0 I A 1 M* T0E*KH0 

y=.oi2 

2=6.98 

IF (CPL3I .Eu • 1 • ) 7= • 126 
IF CCPL3 1 .EQ . 1 . ) 2=6.24 

HC0UPL = 2 . *EN3N0*Cr*01AIN + 2*. I 93 *01 AIM) 

< +EN3NG* C Y *0 1 A I N+2* C .266+KH0)*DlAIN/2 . ) 

K +KNGNO* C Y*0 I A I N+2*8H0*D I A 1 N ) 

i+CY*OlA0+2*C.l+KH0)*UIA0/2.) 

X* C T *DI AIN*2*C .286+RHG )*0I A IN/2 . > *ENGmo 

IF CKH0 .3 1 • .28 ) HC0UPL = hC0UPL- A 
CC0UPL=2 . * E N 3 N 0 * C Y *0 I A I N + 2 * • 193*0 IAIN) 

4 + ENG N0 * CY*UIA1N+2*C .2b6 + nHD)*0IAIi\/2 . ) 

4+ENGN0* C Y *D I A I N+2*KH0*0 I A I N ) 

>L + ( 1 .+5 PI )*CY*DIAD0 + 2*C . 1 +.XH0 ) *0 1 A00/2 . ) 

X=CY*D1A1N+2*C.286+kHG)*OIA1n/ 2. )*EN3!^t3 

IFC8H0.Gr • .28) 0C0UPL=0C0 UPL-a 
X = l NT C HCLEN/300 . ) 

H0FL03 = X * . 04 1 7 8*0 1 AD**2 . 1 +EN3N0 

4*C.04176*DIAIN**2.1*2.*.01854*01AIN**2.8) 

X* INT C0CLEN/300 . ) 

0BEL05* 6* . 1 47 5*0 I AO 0**2 . 0 5 + ENGN0 
<i*C . l475*DIAIN**2.05 + 2 .*.03451*01AIN**2 .86) 

H3UPT = .01 *sUPTF * C HC0UPL + H2P9 + H209 + HOUC I +H3EL05 ) 
05UPI= .01 *5UPTF* C0C0UPL + U2PV + 02OV + 0OOC 1 +0BEL05) 

HO2=HD008 

0OR=0D008 

02F D = 0C0UPL + 0OUCT +‘0HEL05 +06UPT +0OK 

H2F0 = HC0UPL + HOUC T + HBEL05 + H5UP 1 +HOK 

CALCULATE MI5C »Q T • 

MISC* .01 *MISCF*CTVC+C0M R+PRPUTL+FAO 


3.5-7 


/MCDO/V/VELL DOUGLAS ASTKOIVAUTICS COMMIMV - EAST 


DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 

TABLE 3.5-5 

ASCENT PROPULSION MODEL LISTING (Continued) 

a F : (J 1 + u 2 r v ♦ ■£ p 7 + h 2 l j v ♦ l u v 


VCU7 . 000 

4+PKE3+CHIL+ 

DA 10. 00 0 

K + 02FO + H.2FD) 

7511.000 C 

SUM O-.Y OT. 

75 12 .000 

X I 0 1 =MIoC/ ( 

95 1/,. 00) C 

main accent 

7 5 1 3.000 

En3P AC = EN'j + 


0: >1 P I j 1 


d 5 i 5 . ooo 

95 1 / .1)00 
d 6 1 b . UOO 
■ 5 1 V • 0 0 1 j 


P..t\.ML = t2PV + H2P 
F E E D :> = 02 F D + H2 F I ; 


! 1 


1 : J 


L< I ’_> 0 — 0 2 L) -J + H2 L) V 

i J .\ r o =.» AO +.-0E j+CJ-i I L +PoF7 Al + FEED.S + L) I I o 
1 A P *\ 0 P = E i\i i j i 1 AO + p :j :•) r .0 — 


' I i E ( 1 U; » 1 00 ) 

J J ) 


"5 7 2 .000 


/Jr. 1 i **: C lOn, 

■5 0 0 .000 


I T £ ( 1 0 0 > 

76 2 Z • JOU 


.4 ^ I i £ ( l Otf* 

DA ' 3 3 .000 


1 , i) I 3 C j |V i I 3 C 

7 5 >6 .00 0 

1 GO 

F 03 0 A i ( / / > 

75 0 / . i j , , :i 


1 * 1 X , * h i\ i I 

'50 .000 

SOD 

F 0 .>iA i ( / , > 

752 v .UOO 


1 1 31 

7 6 3 0 . 0 0 i ) 


2, /,93.\, ' DO 

DAO 1 . 000 


3, /, >3:k, 9 9c; 

9 50 o .000 

3 0 0 

FUv iA i C />3 

7533.000 

4 00 

F o.-4-AT C / , 9. 

75 34 .000 


1 , / > 9 9 A , ' r J r%| 

753 b . 000 


»f;h 

7 5 3 5. 0 0 0 


/*-S2K, * 

753 / .000 

i, 

/>99a> V^F* 

d53W .000 

4 

8> / , 99 a, M)I • 

7537.000 

r 7 

/,99/> • / I; 

7550 ,000 

9 9 7 

con i i iyjk 

7641 .000 


3 i : i 3 1 

7542 .000 

99 

3 f J 10 99 9 

7 543. 000 

9 9 9 

■3 I . 

7544 .000 


FNO 

--ho-' hi, 

AF i 

9 9644. 


i APrsCP, EN JpAC 

Ei'. J » i 7C j (J ciM 1 Ki PnPU i L 
PKLSYC 

Au , Pi\ES*CHI L|, PPEVAL, F EELo 


iv E 5 ? AC 3 b O.-n I Eo * , 4 A , F 1 0 . U ) 

- ■*' • ’ N 1 j 1 \ E j ' t 1 6 A , F 1 (J . 0 
:-1 3 al 3Y3i Ki-I* « 1 OX, FI 0.0 
X i ;.CL3 j 1 SX, F 1 0 .0 
OPELLANi ■ J i I L I Z . * , 3X , F 1 0 . u > 
l a » * P .2 OPELLANi 3TC TEM * , ?X, F 1 !J .0) 
Pa,' FILL % DnAlN* , 1 lx,Flu.u 
ESSHril 4AT I £ i\ ’ , 9X,F 10*0 
ILL UCdN DUMP L I NEC * ,2a, F 1 G . 0 
VALVES’ , 1 IX, F1U.0 
-.j SYSiEiM’ , 12 a, F 10. 0 
iCGNNEC IS * , 1 2 X , F 10.0 
:>CELLAi\r.L o i 1 ,10 a, Flo. 0) 
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3.5.2 Auxiliary Propulsion System - This model considers three subsystems: 
the engine assembly, propellant feed system, and propellant tankage for the Orbit 
Maneuvering System (OMS) and the Attitude Control System (ACS). 

A review of the current NR system, Reference L, indicate a total weight of 
6360 lb. Of this total, the tankage, including pressurization system, makes up 
approximately 55 percent of the basic auxiliary propulsion system weight. 

This tankage is the primary configuration dependent variable, and received 
the analtyical approach for estimation. The quantity of input variables required 
to define the engine weights and propellant system weights precludes the use of an 
analytical approach, and these weights are set by the user. In addition, the 
capability is built in for the user to input OMS module on ACS module weights 
into the Auxiliary Propulsion System Total if desired. If not, the option remains 
to input these installation modules into the Orbiter body, wing, or tail. 

The OMS tanks are dependent on the orbit delta velocity required, on the 
Orbiter weight, and on the engine specific impulse. Using the standard rocket equation, 
the weight of propellant is easily solved. By inputting propellant densities and 
mixture ratio, the tanks are volumetrically sized. Assuming spherical tanks, 
combined with operating pressures and tank material properties, allows a simplified 
tank weight estimation. 

The ACS tanks are handled quite similarly with the exception that the total 
propellant is a user input. Table 3.5-6 is a list of program variables along with 
their units and definitions. This is followed by Table 3,5-7, a typical input file, 
Table 3.5-8 typical output, and Table 3.5-9 a listing of the program. 
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TABLE 3.5-6 
OMS VARIABLES 


Symbol 

Unit 

Definition 

OLOWLO 

LB 

Orbiter lift off weight less OMS propellant 

OMS DVT 

FT/SEC 

OMS design AV 

OMS ISP 

SEC 

Specific impulse of the OMS engine 

OMR 

ND 

OMS propellant mixture ratio 

DENSF 

LB/FT 3 

Density of fuel 

DENSO 

LB/FT 3 

Density of oxidizer 

PRESF 

LB /IN 2 

Ullage pressure in fuel tank 

PRESO 

LB/IN 2 

Ullage pressure in oxidizer tank 

FTUT 

LB/IN 2 

Material allowable - tank 

RHOT 

LB/ IN 3 

Material density - tank 

PRESOM 

LB /IN 2 

Ultimate pressure - tank pressurization system 

RHOP 

LB/ IN 3 

Pressurization tank material density 

FTUP 

LB /IN 2 

Pressurization tank material allowable 

MODULE 

LB 

Input OMS module weight 

OMS ENG 

LB 

Input OMS engine weight 

PROPSY 

LB 

Input OMS system weight 



ACS VARIABLES 

Fortran 

Symbol 

Unit 

Definition 

ACSPRO 

LB 

Input ACS propellant weight 

ACSPRES 

LB/ IN 2 

Ullage pressure - ACS tank 

ACS SYS 

LB 

Input ACS system weight 

ACSENG 

LB 

Input ACS engine weight 

ACSMOD 

LB 

Input ACS module weight 

ACSDEN 

LB/FT 3 

Density of the ACS propellant 
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TABLE 3.5-7 
TYPICAL INPUT FILE 


40.000 DENSF=54.7,DENS0=9O.2,hHei=.l6,FlUl=135OOO.,PKES0M=ttl6O. 

4 1 .000 P H 0 P = • 1 6 » F 1 UP = 1 3 5000 .# 0MSENG = 39O .»Pk0P9 Y=647 . , MODULE- 1 0 1 1 . 
4 p .000 PRESF = b45 . »PPES 0=545 . > ACSPP0= 72 bO . » AC6DEN=6 1 .3* ACiPns=b 70 . 

43.000 ACS ENG =1310. > ACSSYS=300 . , ACSM0O=91 0 . , 0KB M I 4=0 . 

TABLE 3.5-8 
TYPICAL OUTPUT ' 

PROPULSION AUXILIARY < 6166.) 

ACS -SYSTEM 3963 . 


THRUST EPS 

1310. 


P.vCP • SYSTE M 

300. 


TANK 

1443. 

J 

MODULE 

910. 


S SYS 174 


A20A . 

THRUST EPS 

390. 


Pr. CP. S Y o 1 E " 

647 . 


TANK 

2096. 


MODULE 

1071 . 



TABLE 3.5-9 
PROGRAM LISTING 


630.000 C 

631.000 C 

633. 000 

633. 000 

634. 000 

635. 000 

636. 000 

637. 000 

638. 000 

639. 000 

640. 000 
641 . 0£i0 
642. £100 

643. 000 
544 . Q 00 c 

645. 000 

646. 000 

647. 000 

648. 000 

649. 000 

650. 000 

651. 000 


OHS SYSTEM CALCULATIONS 

MTPRGP-OLOWLO* ( EXP ( OMSDUT. ( 33 . 1 74*0MS I SP ) ) - 1 . ) 


i ■ I F U EL = H T P F: 0 P ••• ' ( 1 . +OMR) 

WOX=OMR*WFUEL 

UFUEL= ( MFUEL-'DENSF )-l. 1 5 

UOX= fW0X- IIENSCO *1.15 

FTAHK-3. -3. *RHOT*PRESF*UFUEL.-'FTUT* 1738. * 1 . 38 
O TANK- 3. ■•• 8. *RHOT*PRESO/FTUT*UOX* 1 738 . * 1 . 38 
0 PRES« <PRESO*UOX+PRESF*UFUEL) ••• PRESOM^l . 47 
PRESTK=3 . ■■■•'£ . *RHOP*F‘RESOM ffi UPRES.--''FTUP* 1 728 . *1 . 28 
U T 0 M T K = F T AN K + 0 T ANK +PR ES T K 
WTOMS=WTOMTK+OMSENG+PR0PSY+M0DULE 
ACS SYSTEM CALCULATIONS 
ACSUOL=ACSPRO/ACSI'EN* 1 . 15 

ACSTNK=3. •••'2. *RH0T*ACSF‘RS*ACSU0L/FTUT*1728. Si l . 28 

UPTNK=ACSU0L*ACSPRS7PRES0M* 1 . 47 

PTNK=3 . ✓£. *RHOT*PRESOM*UPTNK^FTUP* 1738. *1 . 38 

MTACTK= ( ACSTNK+PTNK J *1 . 25 

WT A C S= M T A C T K + A C S S Y S + A C S E N G + A C S M 0 D 

NT AU7.=NT QNS+NTACS 
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3.6 Miscellaneous Systems - Empirical models are used to estimate the weight: 
of the nonconfiguration dependent subsystems or those in which the detail of analy- 
sis required for an analytical model is not consistent with the program objectives 
of minimum input and rapid turnaround. Empirical models are used entirely for the 

following systems: 

a. thermal protection 

b. prime power 

c. electrical conversion and distribution 

d. hydraulic conversion and distribution 

e. surface controls 

f. avionics 

g. environmental control 

h. personnel provisions. 

The models range in detail from the rather complex stacked pods method of area 
computations used in the thermal protection system, discussed in Section 3.3 to 
a total weight input as used for the avionics system. 

The prime power system currently consists of batteries, an auxiliary propul- 
sion unit (APU) , and fuel cells, with their associated mounting structures and 
tankage for expendables. The weights of these items are predicated on the specific 
power capabilities and the total power required. It would be easy to provide the 
specific power as an input in the orbiter module, but there is no simplified tech- 
nique to determine total power requirements. This would necessitate inputting 
these also, and the program would only perform a bookkeeping function; therefore, it 
is felt that the additional six to eight input parameters were not justified and 
the prime power system weight would be determined outside the program and input by 

the user as a constant. 

PPWR « 3912. for the reference design. 

The electrical supply system currently consists of 411 lb of conversion and 
control units, 907 lb of utility systems and 346 lb of supports, plus 3681 lb of 
distribution and control circuitry. The primary configuration-dependent variable 
in this system is the circuitry, which is proportional to the vehicle length. In 
the sizing routines, the payload compartment length is allowed to vary for payload 
capability studies. This length is inherent in the program and will allow ratios 
without additional input variables. Assuming 50 percent of the circuitry is 
affected, the relationship becomes: 

ELEC = ELECK + 1840* (LI-X)/747. + 2805. 
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Where 

ELEC is the system, 

ELECK is an input weight to account for miscellaneous and special 
increments , 

LI-X is the cargo bay length derived in the body model. 

The hydraulic system primarily provides actuation capability for the surface 
controls and, therefore, becomes proportional to the areas of the wing and tail. 

The weight then becomes: 

HYDR = HYDRK + 2264*(SG(1) + K *SG(2))/4525 

where 

HYDRK is an input constant to allow for special increments in the wing area 

SG(1) is the wing area 

SG(2) is the tail area 

K is an indicator for a split rudder K = 1 for conventional 

K = 3 for split rudder. 

The surface control system weight is an empirical derivation based on the 
slope of an arithmetic plot of the actuation system. These systems include all 
actuators, plumbing, supports, and contingencies. Figure 3,6-1 is the elevon 
actuation weight and Figure 3.6-2 is the rudder actuation weight, both as a func- 
tion of area. Combining these two figures, the relationship becomes: 

SURFC - SURFK + 1060. + 3.45*SAIL + K* (360. + 1.67*SRUD) 

where 

SURFK is a user input constant to apply special increments 
SAIL is the elevon area 
SRUD is the rudder area 

K is an indicator to handle a split rudder K = 1 for conventional rudder 
and K = 3 for a split rudder. 

The remaining systems making up the dry weight, avionics, environmental con- 
trol, and personnel provisions are considered user inputs. The avionic system 
weight is governed by overriding factors of cost and state of the art and, as such, 
does not lend itself to normal weight estimation techniques. The personnel provi- 
sions are primarily governed by human - fact or" type considerations as well as by the 
number of personnel and duration of the mission and like the prime power system, 
any estimation method would, inherently, be simple bookkeeping and the additional 
inputs required to accomplish this is not justified for a configuration sizing 
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FIGURE 3.6-2 ELEVON ACTUATOR WEIGHT vs SURFACE AREA 
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program. The environmental control system (ECS) is, in turn, sized by the heat and 
heat loss requirements of the avionics system and the life support provisions for 
the personnel provisions. It is considered a user input. 

Growth uncertainty has the option for two methods of calculations. The first 
utilizes a fixed percentage of dry weight less the GFE ascent engines. This per- 
cent is input by the user. The second method allows the orbiter dry weight to 
remain at a user input fixed quantity. The growth uncertainty is allowed to float 
(increase or decrease as required) as the systems are analyzed by the various 
models . 
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4 . EXTERNAL TANK 

4.0 Introduction - The External Tank Module contains many elements. These 
elements are interrelated to form an overall sizing routine which analytically 
solves for all the major components of the tank assembly. They are also versatile 
and accurate enough to allow assessment of even subtle variations in the basic 
design criteria. The basic sizing logic consists of three general arrangement 
options and three separate iteration techniques, i.e., solve for specific tank 
dimensions as a function of volume requirements with either input of fixed length, 
fixed diameter or fixed L/D. Design features, such as separate and common bulkheads 
and an alternate forward section design, are included in the three basic general 
arrangement options. This 3 by 3 matrix of sizing techniques has been tested for 
accuracy with two MDAC external tank point designs and the latest NR Design data 
contained in "Space Shuttle Mass Properties Status Report" No. SD72-SH-0120-S , dated 
2 December 1972. A LOX aft option is also available which simply uses the 
generalized baseline LOX forward method and sets mixture ratio to 1. /mixture 
ratio and switches the hydrogen and oxygen densities. 

The external tank module also includes a design loads model which considers 
ullage and head pressure, interstage reactions, and axial load factors. 

Also, a multistation analysis method is included, whereby a number of body 
station cuts are examined to determine the effective unit load and corresponding 
material thickness required for pure unstiffened monocoque structure. Alternate 
material allowables may be input to handle variations in design temperature and 
other candidate construction techniques. The resultant material thicknesses are 
integrated over the total body area using the dimensional data from the sizing 
routine, and the total sidewall weight is determined. The bulkheads are sized to 
their representative loads, i.e., internal or external pressure, considering 
meridional and hoop forces. Splice rings and attachment structure are treated 
as discrete items with major attention given to the redistribution of point 
loads and manufacturing processes such as welding. 

The external tank thermal protection system is based on detailed MDAC point 
design data with input unit weights for alternate design concepts. 

Other external tank subsystems are expressed either as input constants for 
such systems as avionics or with abbreviated sizing routines where, for example, 
plumbing weight is a function of engine flow rate and overall tank length/diameter. 


4-1 


/VfCDO/VJVELt DOUGLAS 4ST«0/V4t;TICS CO/VfP4/VV - E4ST 



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


Detail loads, strength, and weight analyses are documented for the MDAC parallel 
burn 1,530,800-lb propellant load point design external tank. Therefore, this tank 
is used as the basis for the general methodology. 

The basic structure and subsystems are correlated with the Phase B extension 
point design studies of external tanks as well as the latest NR point design tank. 

The overall Tank Model development is illustrated by Figure 4-1. 

This External Tank Module is programmed so that it can be used as a separate 
program for individual tank studies, and is included as a subroutine of ESPER. 
Parametric computer runs have been made for a number of perturbations of the 
2 December 1972 NR point design tank. The resulting computer output has been 
curvefit to express this external tank weight as a function of tank diameter, 
usable propellant load, and the ratio of second stage propellant to liftoff 
propellant. These simplified equations are also included as an option in 
ESPER. 

The External Tank Module consists of 16 interdependent models and/or discrete 
sets of equations, each satisfying a specific piece of the overall sizing routine. 
These elements are discussed in detail in the following paragraphs (4.1 through 4.16). 

4.1 Volume Requirements - Contained within the sizing program are a series 
of equations to solve for a set of incremental propellant quantities which make 
up the tank residual and unusuable fluids. This is necessary in order to obtain 
the correct total tank size required to contain all the propellant, as well as, 
to determine later the net effect of these residuals upon tank mass fraction. 

The trapped and residual fluids calculation alone is a very complex technical pro- 
problem and normally requires a detailed examination of each point design for an 
accurate assessment. Therefore, a set of equations based on the MDAC detail point 
design analyses are used. 

Key variations in design criteria can be measured by input of various ullage 
and operating pressures, orbiter engine thrust and ISP for basic feed-line sizing, 
variations in ullage and load allowance, as well as input variations in specific 
wall thickness for calculation of volume needed by the structure. 

The MDAC point design propellant inventory and tank volume calculation which 
is used as the basis for these equations is shown in Table 4.1-1, along with 
the resulting computer program output. This illustrates the basic method used 
for assessing the tank volume. If comparable point design detail data become 
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TABLE 4.1-1 

COMMON BULKHEAD - MDAC POINT DESIGN 
Propellant Inventory 

ASCENT 

START PROPELLANT 
SHUTDOWN ADJUSTMENT 
FEEDLINE RESIDUAL 
CHILLDOWN RESIDUAL 
ENGINE RESIDUAL 
PU BIAS 

TANK UNDRAINABLE 
PRESSURANT 

NOMINAL LOAD 

LOADING ALLOWANCE 

MAXIMUM LOAD 
PROPELLANT BELOW TANK 

MAXIMUM LOAD IN TANK 


PROPELLANT VOLUME IN TANK 

TANK VOLUME FOR FLUIDS ( 2 % MIN ULLAGE) 

VOL DISPLACED BY INTERNAL LOX FEEDLINE 

TOTAL TANK VOLUME 

INCLUDES ONLY PRESSURANT FROM LIQUID. 


Computer Output 


external tank 

PROPELLANT 

I NVENTORy 

I TEP 

L3X 

LH2 

PROPELLANT WEIGHT-LB. 



ASCENT (INCLUDES FPR) 

131? 114. 

21*636. 

START PROPELLANT 

74 14. 

1441. 

SHUTDOWN ADJUSTMENT 

150. 

37. 

FEEDLINE RESIDUAL 

9H. 

234 . 

CHILLDOWN RESIDUAL 

13 4. 

6. 

ENG I NE P ESIDUAL 

1 0 72 . 

75 . 

PU BIAS 

0. 

547. 

TANK UNDRAINABLE 

0. 

100. 

PRESSURA NT 

1 74 0. 

7o5 . 

NOMINAL LOAD 

1 3? 35 3 7 . 

222020 . 

LOADING ALLOWANCE 

13236. 

2220. 

MAXI MUM LOAD 

1336772. 

224240 . 

PROPELLANT BELOW TANK 

- 13032. 

3 65 . 

MAXIMUM LOAD IN TANK 

13236o0 . 

223*75 . 

PROPELLANT VOLUME- FT 3 



PROPELLANT VOLUME IN TANK 

1 *644. 

50**1 • 

TANK VOLUME FOR FLUIDS 

1901 6. 

51*03. 

VOL. DISPLACED BY LOX FEEDLINE 0. 

227. 

TOTAL TANK VOLUME 

19016. 

52 l?5 . 
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PROPELLANT WEIGHT-LB 

TOTAL 

LOX 

lh 2 

1,312,114 

218,686 

7,414 

1,441 

150 

87 

918 

285 

134 

6 

1,072 

75 

0 

547 

0 

100 

1,740* 

795* 

1,323,544 

222,022 

13,235 

2,220 

1,336,779 

224,242 

-13,104 

-366 

1,323,675 

223,876 

VOLUME FT 3 

18,643 

50,939 

19,016 

51,958 

0 

227 

19,016 

52,185 
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available for other desired tank designs, new sets of equations can be 
derived to fit these cases using similar scaling laws for parametric study. 

4.2 Dimensional Data - The three external tank general arrangement options 
used in the basic tank sizing routine are illustrated in Figure 4.2—1. The sizing 
logic nomenclature is defined in Table 4.2-1. It should be noted that most of the 
basic dimensional parameters have the same variable name for each of the three 
arrangements given. Therefore, most of the sizing equations are identical for 
each option and only a few input variables need be changed to switch from one general 
arrangement to the other. For example, the variable LCON (input clearance between 
separate bulkheads) is not used for the common bulkhead option ^ otherwise, all 
other parameters are the same. Likewise, when choosing the alternate forward 
section option, the user need only switch the input from NR (nose cap radius) to 
ND (nose diameter). All other parameters remain the same. 

An indicator and logical IF statement is included which offers the option 
of solving for LOX aft tank arrangements. This consists of simply converting MR 
to 1/MR and setting LOX density equals LH^ density and vice versa. Thus, the 
logical IF simply tells the computer all equations and dimensions used for LOX 
are now LH^ and vice versa. 

Computer diagnostic runs have been made to exercise the sizing logic of the 
program and demonstrate dimensional accuracy and repeatability for each of the 
sizing options. Resulting propellant inventories and corresponding dimensional 
data computer output are shown in Tables 4.2-2 and 4.2-3. The MDAC point design 
dimensional data are shown in Figure 4.2-2, along with the comparable computer 
program output. 

4.3 Head Pressures - The propellant inventory, volume requirements and basic 
dimensional data previously discussed serve as the basis for the head pressure 
calculations. The input data required for the head pressure analysis are described 
in Table 4.3-1. The basic method of analysis, and the nomenclature, is illustrated 
in Figure 4.3-1. 

Since the basic sizing routine allows excess volume for ullage space, etc., 
the actual maximum fluid height in the tank at liftoff is located somewhat below 
the top of the tank. This space is dependent upon the input percent ullage, etc., 
and, therefore, may vary significantly. Hence, the actual fluid height in the 
tank at liftoff is calculated. The fluid height is used to determine the gross 
head pressure on both the aft LOX and LH^ bulkheads, using the design factor of 
safety (FS), liftoff vertical load factor (NXL) , and fluid density (ODEN or FDEN) . 
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Common Bulkhead Option 





FIGURE 4.2-1 EXTERNAL TANK GENERAL GEOMETRY DESCRIPTION 
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TABLE 4.2-1 

EXTERNAL TANK SIZING NOMENCLATURE 


VARIABLE NAME 

DEFINITION 

UNITS 

INPUT PARAMETERS 



PROPO 

Usable Propellant Load 

LB 

MRI 

Mixture Ratio; Oxidizer /Fuel 

ND 

NR, ND 

Nose Cap Radius and/or Nose Diameter 

IN 

HRI 

Ratio of Bulkhead Height to Bulkhead Hemispherical ND 
Radius - HR/R 

THETA 

0 Forward Cone Angle 

DEG 

LA 

Load Allowance (1 + Dec. %) 

ND 

UPERO 

Percent Oxidizer Ullage (1 + Dec. %) 

ND 

UPERF 

Percent Fuel Ullage (1 + Dec. %) 

ND 

9 

OPRES, OUPRES 

Oxidizer Pressure Operating, Ullage 

Lb /In 

9 

FOPRES, FUPRES 

Fuel Pressure Operating, Ullage 

Lb /In 

THRO, I SPOT 

Orbiter Eng. Thrust, ISP for Flow Required 

Lb, Sec 

BLKHD 

Ind. 1 = Common; 2 « Separate; 3 = Alternate 

— 

BX 

Dummy Ind. to Test Series Burn Pt. Design 

— 

LCON 

Clearance Between Bulkheads 

IN 

K 

Structural Space Allowance 

IN 

HBIAS 

Optional Fixed Fuel Bias 

LB 

GEOMETRY SOLUTION 
INPUT OPTIONS 



LD 

Required L/D - Output is Resultant Length 
and Diameter 

ND 

LF 

Required Fixed Length — Output is Resultant 
Diameter 

IN 

DF 

Required Fixed Diameter — Output is Resultant 
Length 

IN 

INPUT REQUIRED FOR 

INITIALIZATION 


DI 

Initial Guess at Tank Diameter 

IN 

LI 

Initial Guess at Tank Length 

IN 

HHI 

Initial Guess at Fuel Tank Length 

IN 
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TABLE 4.2-2 

ORBITER HP TANK PROPELLANT INVENTORY 
COMPUTER OUTPUT VERSUS POINT DESIGN DATA 


MDAC- COMMON BULKHEAD-PARALLEL BURN MDAC- SEPARATE B 

POINT DESIGN DATA COMPUTER OUTPUT POINT DESIGN DAI 



LOX 

lh 2 

LOX 

LH 2 

LOX 

CM 

IX! 

**ASCENT (INPUT TO COMPUTER) 

1,312,114 

218,686 

1,312,114 

218,686 

807,514 

134,58 

START PROPELLANT 

7,414 

1,441 

7,414 

1,441 

1,014 

37 

SHUTDOWN ADJUSTMENT 

150 

87 

150 

87 

150 

8 

FEEDLINE RESIDUAL 

918 

285 

918 

284 

1,522 

27 

CHILLDOWN RESIDUAL 

134 

6 

134 

6 

273 

2 

ENGINE RESIDUAL 

1,072 

75 

1,072 

75 

1,072 

7 

PU BIAS 

0 

547 

0 

547 

0 

33 

TANK UNDRAINABLE 

0 

100 

0 

100 

300 

10 

PRESSURANT 

1,740 

795 

1,740 

795 

1,068 

47 

NOMINAL LOAD 

1,323,544 

222,022 

1,323,537 

222,020 

812,913 

136,33 

LOADING ALLOWANCE 

13,235 

2,220 

13,236 

2,220 

8,129 

1,36 

MAXIMUM LOAD 

1,336,779 

224,242 

1,336,772 

224,240 

821,042 

137,69 

PROPELLANT BELOW TANK 

-13,104 

-366 

-13,082 

-365 

-13,852 

-37 

MAXIMUM LOAD IN TANK LB. 

1,323,675 

223,876 

1,323,690 

223,875 

808,190 

137,32 


VOLUME FT 3 

VOLUME 

3 

FT 


VOL 

PROPELLANT VOLUME IN TANK 

18,643 

50,939 

18,644 

50,881 

11,383 

31,24 

TANK VOL FOR FLUIDS 

19,016 

51,958 

19,016 

51,898 

11,611 

31,87 

VOL. DISPLACED FOR LOX 

0 

227 

0 

227 

0 


FEEDLINE 







TOTAL TANK VOLUME 

19,016 

52,185 

19,016 

52,125 

11,611 

31,87 


** INCLUDES FPR. INPUTTED TO COMPUTER AS TOTAL USEABLE PROPELLANT LOAD AND MIXTURE RATIO. 


JOIDOUT FRAME 


I 
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ULKHEAD-SERIES 

BURN 

NR-SEPARATE 

1 BULKHEAD-PARALLEL 

BURN 

A 

COMPUTER 

OUTPUT 

POINT DESIGN DATA 

COMPUTER 

OUTPUT 


LOX 

LH 2 

LOX 

lh 2 

LOX 

lh 2 

6 

807,514 

134,586 

1,414,290 

235,710 

1,414,285 

235,714 

2 

1,015 

372 

? 

7 

7,411 

1,440 

7 

150 

87 



15Q 

87 

7 

918 

260 



918 

252 

3 

272 

19 



134 

6 

5 

1,072 

75 



1,072 

75 

6 

0 

336 


1,500 

0 

1,500 

0 

300 

100 



300 

100 

8_ 

1,071 

489 

? 

7 

2,084 

750 

4 

812,312 

136,324 

1,420,230 

239,350 

1,426,349 

239,924 

3_ 

8,123 

1,363 

? 

7 

14,264 

2,399 

7 

820,435 

137,687 

? 

? 

1,440,612 

242,323 

5 

-13,142 

-354 

? 

? 

-20,570 

-333 

2 

807,292 

137,333 

? 

7 

1,420,041 

241,990 

LJME 

3 

FT 



VOLUME 

3 

FT 


5 

11,370 

31,212 

20,114 

55,517 

20,001 

54,998 

3 

11,598 

31,836 

20,710 

57,157 

20,595 

56,648 

3_ 

0 

0 

0 

0 

0 

0 

3 

11,598 

31,836 

20,710 

57,157 

20,595 

56,648 
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TABLE 4.2-3 

EXTERNAL TANK BASIC DIMENSIONAL DATA 
COMPUTER OUTPUT VERSUS POINT DESIGN 


BASIC MDAC-COMMON BULKHEAD-PARALLEL BURN MDAC-SEPARATE BULKHEAD- SERIES BURN 


DIMENSIONS 

POINT 


SEE 

DESIGN 

C01 

FIGURE 

DATA 

FIXED 

4-3 


L/D 

L/D 

4.982 

4.982* 

D(0.D.) 

340.0 

339.6 

L (TOTAL) 

1694.0 

1692.0 

R 

196.0 

196.1 

HR 

98.0 

98.0 

HH 

996.0 

994.2 

HO 

180.0 

181.3 

HC 

403.6 

402.0 

HN 

16.4 

16.4 

NR 

25.0 

25.0* 

ND 

? 

47.0 

OR 

128.0 

128.7 

OD 

221.4 

222.9 

HOR 

64.0 

64.4 

HCO 

163.0 

160.3 

0 

20.0 

20.0* 

LCON 

— 

— 

L0 2 TK VOL 

19016 

19016 

LH 2 TK VOL 

52185 

52125 

K 

— 

— 


UTER OUTPUT 

POINT 

DESIGN 

FIXED 

FIXED 

DATA 

LENGTH 

DIA. 

4.682 

339.2 

340.0* 

314.0 

1694.0* 

1689.5 

1470.0 

195.8 

196.3 

181.0 

97.9 

98.1 

91.0 

996.7 

992.1 

703.0 

182.5 

180.3 

42.0 

401.4 

402.5 

469.0 

16.4 

16.4 

24.0 

25.0* 

25.0* 

33.0 

47.0 

47.0 

7 

128.6 

128.8 

106.0 

222.7 

223.1 

7 

64.3 

64.4 

53.0 

160.1 

160.5 

243.0 

20.0* 

20.0* 

15.0 

— 

— 

20.0 

19017 

19017 

11611 

52125 

52124 

31870 








COMPUTER OUTPUT 


FIXED 

FIXED 

FIXED 

L/D 

LENGTH 

DIA. 

4.682* 



— 

310.2 

306.3 

314 . 0* 

1452.0 

1470.0* 

1434.5 

179.1 

176.9 

181.3 

89.5 

88.4 

90.6 

718.0 

736.6 

700.4 

50.6 

60.1 

41.5 

459.9 

452.7 

467.0 

24.5 

24.5 

24.5 

33.0* 

33.0* 

33.0* 

63.8 

63.8 

63.8 

104.1 

103.1 

105.1 

180.3 

178.5 

182.1 

52.1 

51.5 

52.6 

242.4 

238.6 

246.1 

15.0* 

15.0* 

15.0* 

20.0* 

20.0* 

20.0* 

11598 

11594 

11600 

31836 

31836 

31836 



— — 




(K equals structural volume allowance expressed as effective wall thickness) 


*Indicates input value 

(1) NR Point design has an ogive nose shape' 
instead of a conical nose shape, therefore, 
an estimated forward cone angle (0) has 
been used to represent an equivalent 
conical section volume. 


FOLDOUT frame J, 
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NR-S 

POI 

DESI 

DAI 


7.1] 

302 

216] 

? 

112 

13: 

20 ' 

37; 


4 


3 

207 

571 
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EPARATE BULKHEAD-PARALLEL BURN 
ST ALTERNATE FWD SECT. 

SN COMPUTER OUTPUT 


\ 

FIXED 

FIXED 

FIXED 


L/D 

LENGTH 

DIA. 

2 

7.112* 

— 

— 

.0 

301.8 

300.5 

304.0* 

.0 

2146.9 

2162.0* 

2122.5 


174.1 

173.3 

175.3 

.0 

113.1 

112.6 

113.9 

8.0 

1330.4 

1342.7 

1310.6 

.0 

334.8 

339.8 

326.6 

.0 

225.6 

224.5 

227.5 


.0 

41.0* 

41.0* 

41.0* 


30.0* 

30.0* 

30.0* 

'.0 

30.0* 

30.0* 

30.0* 

0 

20595 

20592 

20598 

'7 

56648 

56648 

56648 

.5 

.15* 

.15* 

.15* 




FRAME ^ 
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W PR0P = 1,530,800 LB 



External Tank Arrangement 
Common Bulkhead - MDAC Point Design 


EXTERNAL TANK DIMENFI0NAL DATA 

... ““X YYYYYXYYyyyYvvvvY ----- 

THETA X V X 

.X X . X X . 

NR. .X ND X..0R CD V R. ..X D 

. . .X X . v X . 

. . . X Y X.. 

.. .HOR. yYyyyvvYXXXX v X Yvvy • 

H N — . .HCO. .HR. 

. . HC — .-HP — . KH .HR. 

.- L = H N+HC+H0+HH+HR . 


L: 16^2.0 IN. Dr 3??. 6 IN. L/D: 5.0 P- 1«6.1 IN. HR r Q^.O IN. 
NP: 25.0 IN. OR: 12^.7 IN. OD: 222.? IN. HOP- <34 .4 IN. HCO: 160.3 IN. 
ND: A 7 . 0 IN. THETA: 20. DEG. HC: 402.0 IN. LCFNr .0 IN. 

HPI: 1*1.3 IN. HH: QQ4.2 IN. K: .00 IN. 

LP'AD ALLOWANCE:! .01 LOX I'LL AGE: I . 02 LH? ULLAGE: 1.00 
LEX TANK VOLUME: 1R01S. FT3 LH2 TANK VOLUMF: 52125. FT 3 

Computer Output 
Fixed L/D Case 

FIGURE 4.2-2 DIMENSIONAL DATA 
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Using the input value for the amount of propellant required for second stage 
burn (PR0P02) , a similar calculation of the fluid head height at staging is made. 

The gross head pressure at staging is then determined, using the design factor 
of safety (FS) , vertical load factor at staging (NXS) , and fluid density (ODEN or 
FDEN) . The liftoff head pressure is then compared with the head pressure at 
staging and the maximum design head pressure is set equal to the larger of the 
two values. This maximum head pressure, plus the ultimate tank operating pressure, 
yields the design maximum pressure used for the LOX and LH^ bulkhead sizing 

analysis , 

Similarly, head pressures are calculated at nine stations along the forward 
LOX tank cylinder wall and the aft LH^ tank cylinder wall. For example, the 
liftoff fluid head acting at any station HFX (I) of Figure 4.3-1 can be calculated 
by comparing its location with the liftoff LH^ head height (HFH) . The net 
distance between HFX (I) and HFH represents the effective head height experienced 
at HFX (I). Thus, the net liftoff head pressure at HFX (I) is calculated using 
this net distance (HFH-HFX (I)), the design factor of safety (FS), liftoff vertical 
load factor (NXL) , and fluid density (FDEN). Similarly, the fluid head at staging 
is calculated using the net fluid height (HFH^ ” HFX (I)), the design factor of 
safety (FS) , vertical load factor at staging (NXS), and fluid density (FDEN). A 
comparison is made at each of the cylinder stations and the maximum head pressure 
is set equal to the greater of the two values calculated. This value plus the 
ultimate tank operating pressure, establishes the design maximum pressure at the 
cylinder station HFX (1). If HFX (I) is above both HFH and HFH^ (as could be the 
case for the station HFX (9) of Figure 4.3-1, the net head pressure is set to zero 
and the design maximum pressure is set equal to the ultimate tank operating pressure. 

Similarly, the forward LOX tank cylinder wall pressures are determined as 
illustrated by Figure 4.3—1. Thus, a complete survey of tank design pressures is 
available for use in the multistation strength analysis which is discussed below. 

4.4 Wall Thickness - The design maximum pressures previously discussed serve 
as the basis for calculating the required cylinder wall thickness due to hoop stress. 
The structural material properties required as input are given in Table 4.4-1. The 
basic method of material thickness calculation is given in Table 4.4-2. As shown 
by Table 4.4-2, the wall thickness required due to hoop stress is calculated at each 
cylinder station, and compared with an input minimum thickness (TMIN) . 
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TABLE 4.4-1 

EXTERNAL TANK INPUT OF 
(i) STRUCTURAL MATERIAL PROPERTIES 


VARIABLE NAME 

DEFINITION 

UNITS 

rho 

MATERIAL 

DENSITY 

LB/IN 

FTU 

MATERIAL 

ULTIMATE TENSILE 

PSI 


STRENGTH 



E 

MATERIAL 

MODULUS OF ELASTICITY 

PSI 

TMIN 

MATERIAL 

MINIMUM GAUGE 

IN. 


TABLE 4.4-2 

EXTERNAL TANK CYLINDER WALL 
MATERIAL THICKNESS REQUIRED BY HOOP STRESS 


REFERENCE: FIGURE 4.3-1 

FHCT(I) = ULTIMATE LH^ TANK CYLINDER WALL PRESSURE 
AT STATION HFX(I) 

OHCT(I) = ULTIMATE LOX TANK CYLINDER WALL PRESSURE 
AT STATION HOX(I) 


CALCULATE FUEL TK THICKNESS REQUIRED DUE TO ULT PRES 
TF(I) = FHCT (I) *D*. 5/FTU 

CALCULATE OXY TK THICKNESS REQUIRED DUE TO ULT PRES 
TO(I) = OHCT(I) *D*. 5/FTU 

CHECK FUEL TK THICKNESS & SET = OR GREATER THAN TMIN 
IF(TF(I) .LT.TMIN) TF(I) = TMIN 

CHECK OXY TK. THICKNESS & SET = OR GREATER THAN TMIN 
IF (TO (I) .LT.TMIN) TO(I) = TMIN 
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4.5 Loads - As illustrated by Figure 4.5-1, only a small portion of the over- 
all tank structure is designed by loads other than internal pressure. Launch aero- 
dynamic and inertial loads normally require a very complex technical analysis for 
accurate assessment. A generalized set of equations is used to depict launch 
axial loads and bending moments. These are based on MDAC detailed point design 
loads analysis. Axial loads induced in the aft L^ tank are based on the LOX 
liftoff and second stage propellant loads and their respective vertical load 
factors (as discussed previously) . 

If comparable point design detail loads become available for other desired 
tank designs, new sets of equations can be derived to fit these cases. 

The method of scaling these loads through perturbations of the baseline tank 
design are considered adequate, especially since only a small portion of the over- 
nll tank structure is designed for column buckling due to these loading conditions. 

Table 4.5-1 defines the required input data for loads calculations. 


TABLE 4.5-1 
EXTERNAL TANK 

INPUT DATA FOR LOADS CALCULATION 


VARIABLE NAME DEFINITION UNITS 

THBSL TOTAL BOOSTER S.L. THRUST LB 

NN NUMBER OF BOOSTER ENGINES ND 

CANT BOOSTER THRUST CANT ANGLE DEG 

BGLOW BOOSTER GROSS LIFTOFF WEIGHT LB 


Rl, R2 , RL ORBITER INTERSTAGE REACTION LOADS LB 

FROM ORBITER MODULE 


4-14 


MCDO/VVELL DOUGLAS ASTttOIVAUTICS COMPANY - EAST 



FORWARD ATTACH 


DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 



4-15 


MCDONNELL DOUGLAS ASTRONAUTICS COM RANT - EAST 


FIGURE 4.5-1 STRUCTURAL DESIGN CONDITIONS TWIN RAO (2-156 SRM) HO TANK 


DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


4,6 Margin-of -Safety Check for Column Buckling - A margin-of-saf ety check is 
made at each of the body stations previously analyzed, using the wall thickness 
calculated for hoop stress due to head pressure. 

The column buckling method for monocoque cylinders as given by Reference 0 
is used for the combined axial load and bending moment loading condition with 
internal pressure stabilization. Included in this analysis is a least squares 
curve fit for the 90 percent probability graphs of cylinder radius/material 
thickness (r/t) versus critical stress due to axial load and r/t versus critical 
stress due to bending moment. This curve fit solves for equation coefficients 
as a function of cylinder length/cylinder radius (L/r). 

Included also are equations to solve for increased axial and bending strength 
due to internal pressure stabilization. These equations are derived from curves 
included in Reference 0. The internal pressure is assumed to be the tank operating 
pressure without the design factor of safety and without any induced head pressure. 

The margin of safety, then, is calculated by: 

RCB = AL/PA + MX/MA 

Where: AL = The maximum axial load induced at a given station per the 
previous loads analysis. 

PA = The amount of axial load that can be imposed at this station 
with the thickness as previously calculated due to hoop 
stress, including increased strength capability due to internal 
pressure and with a 90 percent probability of not failing. 

MX = The maximum bending moment induced at this station per the 
previous loads calculation. 

MA = The bending moment that can be imposed at this station with the 
thickness previously calculated for hoop stress including 
increased strength due to internal pressure and with a 
90 percent probability of not failing. 

If this margin of safety (RCB) is less than one, the check is satisfied and the 
previously calculated wall thickness for hoop stress is adequate to withstand 
the column buckling condition. If not, the thickness is progressively increased 
until this check is satisfied, and the new wall thickness thus calculated is used 
for the final cylinder wall weight calculation. 
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4.7 Rings - Bulkhead attachment and cylinder/cone contour break rings are 
sized by elastic stability (Reference C) , due to resultant compressive load induced 
by dome pressure and/or longitudinal cylinder stress. The resulting ring cross 
sectional area is compared with the required minimum ring area shown in Figure 
4.7-1 and is set equivalent to or greater than this minimum. 



FIGURE 4.7-1 TYPICAL BULKHEAD ATTACH RING 

4.8 Interstage - Frame sizing is based on point load analysis for ring caps 
plus resulting shear stress for ring webs. Additional material is added for beam 
cap loads and beam shear. The booster attach loads are assumed acting at the 
existing aft bulkhead attach ring and at the forward cone/cylinder contour break 
ring. The resulting booster attach frame sizing is compared with the previously 
calculated existing ring. The interstage frame weight is set equal to zero if the 
attach frame is less than the existing ring; otherwise, it is set equal to the 
difference in frame to ring weight, thus accounting for the point load penalties 
associated with the interstage tie. The orbiter attach loads are assumed acting 
at locations unique to existing rings and, therefore, require the complete addition 
of two separate frames. Special increments are added to the basic frame sizing 
for sway braces, doublers, drag links, and fittings, thus completing the total 
interstage analysis. 
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4.9 Structural Weight - Using the basic tank dimensions and the material 
thickness requirements previosuly discussed, the basic tank structural weight is 
calculated. Included in this calculation is a detail assessment of all weld require- 
ments and a fixed value of 0.005 in. is added to all thicknesses to account for 
material tolerances . 

Table 4.9-1 presents the baseline MDAC External Tank Structural Weight Summary 
and the corresponding computer program output. 

TABLE 4.9-1 
0RBITERH0 TANK 

PARALLEL BURN-SOLID (2-156 IN.) BOOSTER 
STRUCTURAL WEIGHT SUMMARY 

Completed 

Analysis 

Weights 


Body Group [49,030] 

Fuel Tank (22,603) 

Aft Bulkhead 3,559 

Cylindrical Sidewall 19,044 

Oxidizer Tank ( 8,157) 

Fwd Bulkhead 337 

Sidewall 7,480 

Baffles 340 

Common Bulkhead ( 4,340) 

Booster/Orb/Tank Attach (12,966) 

Nose Fairing ( 464) 

Umbilical Panel ( 300) 

Tunnel ( 200) 


COMPUTER OUTPUT 


B0DY GR0UP [ 

FWD TANK ( 

FWD BULKHEAD 
C0NICAL SECTION 
CYLINDRICAL SECT. 
AFT BULKHEAD 
INTER TANK SECT. ( 
A FT TA NK ( 

FWD BULKHEAD 
CYLINDRICAL SECT. 
AFT BULKHEAD 
0RB/BSTR/TANK ATT. ( 


N0SE FAIRING ( 

UMBILICAL PANEL ( 
TUNNEL < 

B A FFLES-L0X ( 


49202. ] 
9736. ) 
613. 
3913. 
420Q. 

0 . 

0 . ) 

29166. ) 
6664. 
19723. 
3779. 
10100 . ) 
362. ) 
300. ) 
200 . ) 
33g. ) 
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4.10 Miscellaneous Structural Items - Empirical equations and methods are 
used to calculate the remaining structural items such as forward nose fairing, 
intertank structure, LOX tank baffles, external lines tunnel, and umbilical panel. 

4.11 Induced Environmental Protection — The external tank thermal protection 
system (TPS) is based on the detail MDAC point design given in Figures 4.11-1 and 
4.11_2. Figure 4.11-1 shows the selected thermal protection scheme for the hydrogen 
and oxygen tank. The 0.375 in. of polyurethane foam insulation was established to 
meet ground hold and main engine NPSP requirements. The polyurethane foam is 
applied externally to the liquid hydrogen tank including the fore and aft tank domes 
in the intertank region. The thermal constraints applied to defining the thermal 
protection system for the LH 2 tank are based on the thermal stability of the 

polyurethane foam. The maximum temperature of the surface of the polyurethane foam 
is limited to 200°F. In the LOX and intertank region, the maximum allowable temp- 
erature is 300°F based on the structural properties of aluminum. As shown on the 
sketch, 0.338 and 0.213 in. of korotherm is required on the noncryogenic nose cap 
and in the intertank region where the heat sink capacity associated with the -290°F 
LOX is not available. 


Q KOROTHERM 


Z7A FIREX 250 OVER SPRAYED 
“2 POLYURETHANE FOAM 


NUMBERS ARE ABLATOR THICKNESS - IN. 




FIGURE 4.11-1 EXTERNAL HO TANK INSULATION 
(Parallel Burn-Solid (2-156 In.) ) 
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MATERIAL 

DENSITY (LB/FT 3 ) 

THICKNESS (IN.) 

UNIT WT ILB/FT 2 ) 

1. SILICONE COLOR & SEAL COAT 

_ 

0.006 

0.0397 

2. SILICONE PRIMER 

- 

0.001 

0.0066 

3. ABLATOR - FIREX 250 

35 

0.137 - 0.357 

0.5372 (AVE) 

4. POLYURETHANE FOAM - N0PC0 BX-250 

2 

0.375 

0.0625 

5. EPOXY PRIMER 

- 

0.001 

0.0066 




0.6526 (AVE) 


FIGURE 4.11-2 INSULATION MATERIALS BASELINE 
(Parallel Burn - Solid (2-156 IN.) 


Figure 4.11-2 defines the cross-sectional geometry of the insulat ion/TPS con- 
cept. The thicknesses and unit weight required for the concept are shown for the 
LH 2 tank at a 200° F ablator/foam interface temperature. 

The basic TPS weight is calculated with input of unit weights for six general 
regions on the tank surface. The thermal protection system (TPS) is calculated 
using these unit weights and the basic tank dimensions calculated previously. 

A fixed 10 percent contingency is added to the total TPS. Table 4.11-1 defines the 
TPS input data requirements. Figure 4.11-3 shows representative input data for the 
200°F ablator/foam interface temperature baseline TPS design. 
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TABLE 4.11-1 

EXTERNAL TANK TPS INPUT DATA 


VARIABLE NAME 
NCTPS 
UCTPS 
LCTPS 
CYTPS 
DMTS 
INTPS 


DEFINITION UNITS 

2 

NOSE CAP TPS UNIT WEIGHT LB/ FT 

2 

UPPER CONE TPS UNIT WEIGHT LB/FT 

2 

LOWER CONE TPS UNIT WEIGHT LB/FT 


2 

CYLINDER (LH2 TANK) TPS UNIT WEIGHT LB/FT 

AFT DOME (LH2 TANK) TPS UNIT WEIGHT LB/FT 2 

2 

INTER TANK TPS UNIT WEIGHT LB/ FT 


200° F ABLATOR/FOAM 
INTERFACE TEMPERATURE 



NCTPS = 1.101 LB/FT 2 
UCTPS = 0.8444 LB/FT 2 
LCTPS = 0.7365 LB/FT 2 


INTPS = 0.8969 LB/FT 2 


CYTPS = 0.6526 LB/FT 2 (AVG) 


DMTPS= 0.5149 LB/FT 2 


FIGURE 4.11-3 REPRESENTATIVE INPUT DATA 

FOR BASELINE TPS UNIT WEIGHTS 
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4.12 Propellant Systems - The basic estimation method for the propellant 
systems is based on an MDAC detail point design with scaling laws for changes in 
orbiter engine flow rate, mixture ratio, and tank dimensions. An itemized list of 
the propulsion system components that make up this baseline system is given in 
Table 4.12-1 along with the corresponding computer program output. The following 
is a generalized description of this system. 

TABLE 4.12-1 

EXTERNAL TANK BASELINE PROPELLANT SYSTEMS 


LOX FEEDLINE JACKET 


1 ,530 ,000 LB PROPELLANT 


LOX feed SYSTEM 


LOX TANK PROPELLANT FEEDLINE 

°lox feedline flex provisions 

LOX FEEDLINE DISCONNECT HALF 


(3 UNITS EA) 


- 1 07" NOM DIA X 800" LONG) 

- 2 (17" NOM OIA X 50" LONG) 

- 1 06" NOM DIA X 16" LONG) 


452 

548 

255 


SUPPORT ALLOWANCE _316 


LH„ FEED SYSTEM 

°LH 2 TANK PROPELLANT FEEDLINE 
"LH. FEEDLINE FLEX PROVISIONS 
°LH 2 FEEDLINE DISCONNECT HALF 


(3 UNITS EA) 


LOX VENT SYSTEM 

° VENT & RELIEV VALVES 
“GIMBAL ASSEMBLY 
“DUCT & MANIFOLD 


LOX PRESSURIZATION SYSTEM 
° L OX PRESSURIZATION LINE 
“LOX PRESSURIZATION FLEX PROVISIONS 
° L OX PRESSURIZATION DISCONNECT HALF 
“LOX PRESSURIZATION OIFFUSER 


1 .571 


LS 


- 1 (16" NOM DIA X 121” LONG) 182 

- 1 (16" NOM DIA X 48" LONG) 276 

- 1 (16" NOM DIA X 16" LONG) 255 

SUPPORT ALLOWANCE 1 78 

891 LB 

FEED SYSTEM TOTAL 3,438 LB 


- 2 (11" NOM DIA X 22" LONG) 224 

- 3 (11" NOM DIA X 11" LONG) 105 

- 1 (11" NOM DIA X 70" LONG) 122 

SUPPORT ALLOWANCE H_3 

564 L 8 


- 1 (3" NOM DIA X 2,530" LONG) 109 

- 4 (3" DIA X 9" LONG) 24 

- 1 (3" DIA X 5" LONG) 12 

- 1 (12" DIA X 24" LONG) 40 


SUPPORT ALLOWANCE _4£ 

231 LB 


LH„ VENT SYSTEM 


"VENT & RELIEF VALVES - 2 (11" NOM DIA X 22 " LONG) 224 

“DISCONNECT HALF - 1 (11" NOM DIA X 6" LONG) 32 

“MANIFOLD (TEE) - 1 ( 1 1 " NOM DIA X 20" LONG) 45 

CANNI STER & 

SUPPORT ALLOWANCE 1_26 

4 2 7 LB 

LH^ PRESSURIZATION SYSTEM 

*IH, PRESSURIZATION LINE - 1 (3 H NOM OIA X 1,560" LONG) 66 

“LH; PRESSURIZATION FLEX PROVISIONS - 1 (3" NOM OIA X 3" LONG) 12 

“LH, PRESSURIZATION DISCONNECT HALF - 1 ( 3 “ NOM DIA X 5" LONG) 12 

“LH| PRESSURIZATION DIFFUSER - 1 (12" NOM OIA X 24" LONG) 25 

SUPPORT ALLOWANCE 2 ± 

144 LB 

VENT A PRESS TOTAL 1,366 LS 


PNEUMATIC SYSTEM 


“PNEUMATIC LINE 

- 1 (1/4 NOM DIA X 3 

,250" LONG) 

24 . 5 

“ACTUATION CONTROL VALVES 

- 8 (1/4" NOM DIA X 

3" LONG) 

8 

“PNEUMATIC DISCONNECT HALF 

- 1 1/2" NOM DIA X 

3” LONG 

2.5 

“CHECK VALVE 

- 1 (1/2" NOM DIA X 

2" LONG) 

2 

“PLENUM 

- 1 (10" NOM DIA) 


8 


SUPPORT ALLOWANCE 

n 




56 LB 

SUMP S VORTEX CONTROL 



220 

PU SYSTEM 



185 

TOTAL 

COMPUTER OUTPUT 


5,265 LB 


PROPELLANT SYSTEMS r 5266. ] 
FEED SYSTEM 3439. 

PRES. AND VENT 1366. 

SUMPS A VORTEX CTL 220. 
PNEUMATIC A PU SYS 241 . 
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The HO tank propulsion systems consist of LOX and LH 2 feed systems, LOX and 
LH 2 vent systems, LOX and LH 2 pressurization systems, pneumatic system, sump and 
vortex control systems, and PU system. 

LOX is supplied to the Hi P c orbiter engines from the tank through one 17- 
inch diameter feedline which is routed down through the LH 2 tank and enters the 
orbiter in the engine area. A jacket is installed around this line to isolate 
it from the surrounding Lu 2 « For the separate bulkhead designs the LOX line is 
routed external to the LH 2 tank and this jacket is not required. The LH 2 feed 
system consists of a single 16— inch diameter line from the tank sump to the 
orbiter. Both LOX and LH 2 feedlines have flexibility provisions and disconnects. 

The LOX vent system consists of an 11-inch diameter vent line running from 
the forward dome of the LOX tank to two vent valves in the nose cone region. 

Flexibility provisions are also included. 

The LOX pressurization system consists of 2530 inches of 3— inch diameter line 
which supplies gaseous oxygen (from the engines) from the orbiter interface to the 
oxygen tank. The line includes flexibility provisions and a disconnect half. 

The LH 2 vent system consists of an 11-inch diameter vent line and two 11-inch 
valves which are located in a recessed compartment in the wall of the LH^ tank. 

Also included are flexibility provisions and a disconnect half for ground venting. 

The LH 2 pressurization system consists of 1560 inches of 3— inch diameter line 
for supplying gaseous hydrogen (from the engines) from the orbiter interface to the 
LH 2 tank ullage. Included in the system are flexibility provisions, a diffuser, 
and a disconnect half. 

The pneumatic system consists of; 1) 3250 inches of 1/4— inch diameter line; 

2) eight actuation control valves for controlling the vent valves; 3) plenum, 

4) check valve; and 5) disconnect half. 

Both tanks have sumps for minimizing undrainable residuals and controlling 
vortexing. A PU system with capacitance probes in each tank is used for loading 
and controlling engine mixture ratio during burn to minimize residuals. 

4.13 Deorbit System - The retro rocket propellant is calculated, based on an 
input required retro delta velocity and ISP. The basic system weight is calculated, 
using a fixed retro rocket mass fraction of 0.7326, which also includes system 
mounting and support provisions.. 

4.14 Miscellaneous Systems - Avionics weight is an input constant. An 
additional input (MISC) is available for any other desired constant weight. 
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4.15 Growth/Uncertainty - Two options are available for calculating growth/ 
uncertainty either as a fixed percent of dry weight or with an input of fixed dry 
weight which sets growth/uncertainty equal to the difference between the calculated 
dry weight and the input fixed dry weight. 

4.16 Residual Propellants - The previously calculated propellant inventory 
which is used to establish the total tank volume requirements is also used to 
determine the specific amount of propellant which is still on board at burnout 
and is thus used to determine the overall tank mass fraction (- 
for performance calculations. 

4.17 Simplified Equations Option - Within ESPER the external tank module 
contains the option of util zing simplified equations to define the external tank 


Usable Propellant 

^External Tank Gross Weight 


) 


weight rather than the detail analysis. 

The purpose of this option is to reduce the computer run time required, as 
well as, eliminate most of the input variables required to run the detail program. 
The equations consider external tank usable propellant load, second stage propel- 
lant load and tank diameter. 

Detail runs of the external tank module were made to parametrically size 
the NR baseline tan" design. The resulting computer output of external tank dry 
weight was plotted against total propellant load and second stage propellant load 
for three variations in tank diameter, i.e., 250 in., 300 in., and 350 in. This 
data was analyzed using a least squares curvefit to determine the three dimensional 
equation coefficients. The resulting equations are given in Table 4.17-1. 

The curvefit results vs the actual computer output are given in Figure 4.17-1. 


TABLE 4.17-1 

EXTERNAL TANK CURVEFIT ROUTINE FOR PARAMETRICALLY SIZING 
THE NR BASELINE TANK DESIGN 


hrO c A TPr?q.P^0Dp ? /H»y^po T 

TF (PAr p P-l«LT. .=50) gAI£ga«_i5£ 

CF0»?i 7 77 + 1 r*.6afl*RATDc?A 
A«-q 1957 ,6*q 4^4 . CG+RAT^PS 
CFC»,nA7A3A4+.0?l4l«A# c ?AT pf ?9 
CF0». ,Q0nl0A«4 7- , 0C0Q1 feO?* p ATPf'-0 

cFFmr.r c*cn*^r 

£EL±££A±£E3±2E 1 

TF (PPp p 0TfLT, lQO JOOO* ) DPYWt»DPYWT*( 1 .1 1 520- . 000000 1 A9?*PR0P0 T ) 
TF (PPflPer.'iT. 1 oonoon. ) H>PYW T »DPY*T*( . 908317+. 0000000567 «PR 0 P9 T ) 
DRYtoTsQRYwT/1 .075 

CHJ»GUP*2PYXT 

PlPYwT. 'iPYwy + q[i 

RFSI n 'T*2?0ft. + .00l 97?*PR£P9T 

INEST.DPYWT + PFSI^T 4-24 
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REFERENCE: MASS PROPERTIES STATUS REPORT 
NO. SD 72— SH— 0120— 3 
DATED: 2 DECEMBER 1972 


TANK MODULE COMPUTER OUTPUT VS CURVEFIT RESULTS 



FIGURE 4.17-1 NR BASELINE EXTERNAL TANK DESIGN PARAMETRICALLY SIZED 
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4.18 Input Data - The External Tank Module complete input data nomenclature 
is given in Table 4.18-1. Three sample data files for the three baseline tank 
designs previously discussed are given in Table 4.18-2. Figure 4.18-1 presents 


recommended limits for tank sizing input data. 

TABLE 4.18-1 

EXTERNAL TANK INPUT DATA NOMENCLATURE 

VARIABLE NAME DEFINITION UNITS 

INPUT PARAMETERS 

PROPO Useable Propellant Load LB 

PR0P02 Useable Propellant Required for 2nd Stage LB 

Burn 

MRI Mixture Ratio, Oxidizer/Fuel ND 

NR, ND Nose Cap Radius and/or Nose Diameter IN. 

HRI Ratio of Blkhd Height to Blkhd Hemispherical ND 

Radius ^ HR/R 

THETA 0 - Forward Cone Angle DEG 

LA Load Allowance (1 + Dec. %) ND 

UPERO Percent Oxidizer Ullage (1 + Dec. %) ND 

UPERF Percent Fuel Ullage (1 + Dec. %) ND ^ 

OPRES , OUPRES Oxidizer Pressure Operating, Ullage LB/IN^ 

FOPRES, FUPRES Fuel Pressure Operating, Ullage LB/IN 

THRO, ISPOT Orbiter Eng. Thrust, ISP for Flow Required LB SEC 

BLKHD Ind, 1 - Common; 2 - Separate; 3 - Alternate 

BX Dummy Ind. to Test Series Burn Pt. Des. 

LCON Clearance Between Bulkheads IN . 

K Structural Space Allowance IN. 

HBIAS Optional Fixed Fuel Bias LB 


GEOMETRY SOLUTION 
INPUT OPTIONS 


LD 

Required L/D - Output is Resultant Length 
and Diameter 

ND 

LF 

Required Fixed Length - Output is Resultant 
Diameter 

IN. 

DF 

Required Fixed Diameter - Output is Resultant 
Length 

IN. 

INPUT REQUIRED 

FOR INITIALIZATION 


DI 

Initial Guess at Tank Diameter 

IN. 

LI 

Initial Guess at Tank Length 

IN. 

HHI 

Initial Guess at Fuel Tank Length 

IN. 
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TABLE 4.18-1 

EXTERNAL TANK INPUT DATA NOMENCLATURE (Continued) 


VARIABLE NAME 

DEFINITION 

UNITS 

STRUCTURAL MATERIAL 

PROPERTIES 


RHO 

Material Density 

LB/IN^ 

FTU 

Material Ult. Tensile Strength 

LB / IN f 

E 

Material Modulus of Elasticity 

LB /IN 

FS 

Factor of Safety 

ND 

TMIN 

Material Minimum Gauge 

IN. 

LOADS PARAMETERS 

THBSL 

Total Booster S.L. Thrust 

LB. 

NN 

Number of Booster Engines 

ND 

CANT 

Booster Thrust Cant Angle 

DEG 

BGLOW 

Booster Gross Liftoff Weight 

LB 

Rl, R2, RL 

Orbiter Interstage Reaction Loads from 
Orbiter Module 

LB 

NXL 

Liftoff Vertical Load Factor 

ND 

NXS 

Staging Vertical Load Factor 

ND 

IND. ENVIRON. PROT. 

NCTPS 

Nose Cap TPS Unit Weight 

LB /FT ^ 

UCTPS 

Upper Cone TPS Unit Weight 

LB/nf 

LCTPS 

Lower Cone TPS Unit Weight 

LB /FI 2 

CYTPS 

Cylinder (Fuel Tank) TPS Unit Weight 

LB/Flf 

DMTPS 

Aft Dome (Fuel Tank) TPS Unit Weight 

LB /FT 2 

INTPS 

Inter Tank TPS Unit Weight 

LB/FT 

OTHER PARAMETERS 

RETDV 

Retro Delta Velocity 

FT /SEC 

RETISP 

Retro Rocket ISP 

SEC 

AVION 

Constant Inputted for the Avionics System 
Weight 

LB 

MISC 

Additional Input Available for any Desired 
Constant Weight Increment 

LB 

GUP 

Growth/Uncertainty (Dec. %) 

ND 

FIXDWT 

Optional Fixed Dry Weight if Greater than 
Zero Growth/Uncertainty is Calculated as 
Difference Between Calculated Dry Weight 
and Fixed Dry Weight 

LB 

AFT 

Ind. 0 = LOX FWD ; 1 = LOX AFT 

ND 
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EDIT TNKDAT 
* TY 0-20 
1 .000 
2 .000 
3.000 
3.500 

4.000 

5.000 


TABLE 4.18-2 
SAMPLE DATA FILES 

BASELINE MDAC COMMON BULKHEAD DESIGN 


PPOPO = 1 5 30P00 . MR I r6 • , THET A:20 . , NF::25 

_ . —..aw i r r TO - AO O 


UPEROrl . 02 ,L A= 1 .01 

WOrfltoSSoIiiiSoTSiij^wSESijO ..OPftES=S 0 . FnPPES = 40 . 
01 JPREF = 1 R . ,HHI rl 00 .,LC 0 Nr 0 . t BLKHDr 1 .,BY -1 .,K- 0 . 

UPERFrl . 02 ,HBIAS= 0 .,HRI = .5 

, uuo GHPr !o2^ FI vDWT=ol^C A NT: 15l f AFT = 0 . # PHOr.l 02 t FTM = G 4000 • 

* nnn T MTP^- rqgq’r 1 = 1 c > 4500 . P 2 = 434«00 . RL =1 55 4000 . # NvL - 1 .4 

10.000 MIPC = 0 .,RETDVr 200 .,RETISP =2 50 .* 

1 1 .000 LD = 0 .,DI = 100 .,LFrl 694 .* 

12.000 DF: 340 . , DI = 0 .* 

--EOF HIT AFTER 12 . 

* MDAC SEPARATE BULKHEAD DESIGN 

EDIT TNKDAT 2 

tTY ?'oOO PROPOr?«IOO..MRI:«..THETAM 5 . HR: 33 ..«PERO= 1 . 02 ,LArl .01 

2 000 THROrl 410000 ., ISPOT = 455 ., FOPRESr 70 . , OPREFr 30 . , FUPRE. . . 

3*000 OllPRES = 1 B . , HHI = 1 00 . ,LCONr 20 . ,BLKHDr 2 . ,B/r 0 . , K - 0 . 

3.500 UPERF =1 .02 , HBI AF =0 . , HRI = .5 

siS™ i= 10 W 0060 .,NN= 2 .,THBSL,G 4 o 527 S. ,B 8 L 0 W=S?S 01 P 7 
7 non NCTRS= 1.101 UCTPS = .fl 444 f LCTPS = . 7365 , CYTPS_. 6526 , 01*1 P 5 _.Pl^ 
* nnn tmtpp- pqGq’r 1 : 194500 . R 2 = 434 p 00 .,RL=l 554000 ., NYL =1 .4 
":So 0 NX? = 3 p R 0 P 02 - 942 100 .|ND: 0 .,FF::ll 4 ,TMINr» 025 f AVIONr 345 . 

10.000 MISC = 0 . ( RETDV= 200 . f RETISP =2 60 .* 

1 1 .000 LFrl 470 .,LIr 0 .,LD= 0 .* 

12.000 DFr 314 ., LI- 1000 . ,LF= 0 .* 

--EOF HIT AFTER 12 . 


EDIT NRTNK 
* TY 0-2 0 
1 .000 
2 .000 
3.000 
3 .500 

4.000 

5 .000 

6.000 

7.000 


NR BASELINE DESIGN (2 DEC 1972) 


PPOPOrlS50OOO.,MRI=S. JHETA = M. NDzM. UPEPO i.0?=7 Lft 1.01 

THPO=1410000.,isPOT=455.2.FOPREP=57..0PRES=??.,FllPPEP-S5. 

0UPRES=20..HH!=100.,LC0N = S0.,BLKHn=5. > BT=l.,K=.l5 

UPERFrl .03,HBIARrl500.,HRI r.6495 

GUP " 1 6 75 Z FI XDWTrO »^CA NT = B I^AFTrO ! ,RHOr . I 02 FTH = 6 40 00 . 


7 on n NCTPS: 4,-, - 

F *000 INTPF = .MS9.Rl=14l000..P2r4 W000. .">- = > 


9 .000 NXS=3.S,PR0P02=1245551 . # NP = 0. # FS: 

10.000 MISC = 0.,RETDV:200.,RETISP=260.* 

12.000 DFrO.,LF:2152.* 

r 1 3.000 LDr7.1 1 1S4,LF:0.* 

— EOF HIT AFTER 13. 
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FIGURE 4.18-1 EXTERNAL TANK OVERALL LENGTH vs USEABLE PROPELLANT LOAD 
MR = 6. LOX/LH 2 - LOX Fwd Separate Bulkhead Design 


4.19 Output - Computer output from the three input data files of Table 4-14 
are given in Tables 4.19— 1, 4.19—2 and 4.19—5 through 4.19—8. The NR baseline 
tank output of Tables 4.19-1 and 4.19-2 corresponds to the point design weight 
summary given in Table 4.19-3. The computer output dry weight for this tank 
is within 1.5 percent of the reported weight given in Table 4.19-3. Table 4.19-4 
shows the MDAC point design weight analysis and the corresponding computer output. 
This data indicates program accuracy of considerably better than 1 percent. 


4-29 


MCDONNELL DOUGLAS ASTRONAUTICS COM RANT - EAST 



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


TABLE 4.19-1 

NR BASELINE SEPARATE BULKHEAD 
(Fixed Diameter Case) 

EXTERNAL TANK PROPELLANT INVENTORY 


ITEM 


LOX 

LH2 

PROPELLANT WEIGHT-LB. . 

ASCENT (INCLUDES FPR) 


1414285. 

fl 4 . 

START PROPELLANT 


7411. 

14 40 . 

SHUTDOWN ADJUSTMENT 


150. 

8 7 • 

FEEDLINE RESIDUAL 


918. 

254. 

CHILLDOWN RESIDUAL 


134. 

6 • 

ENGINE RESIDUAL 


1072. 

75 . 

PU BIAS 


0. 

1 500. 

TANK U NDRA I N ABLE 


300 . 

100. 

PRESSURANT 


2084. 

75 0 . 

NOMINAL LOAD 


1 4263 49. 

239926. 

LOADING ALLOWANCE 


14264. 

2399. 

MAXIMUM LOAD 


1 440612. 

24 23 25 . 

PROPELLANT BELOW TANK 


- 2035 1 . 

335 . 

MAXIMUM LOAD IN TANK 


1 420261 . 

24 1990 . 

PROPELLANT V0LUME-FT3 

PROPELLANT VOLUME IN TANK 


20004. 

D 499? . 

TANK VOLUME FOR FLUIDS 


20598. 

56648. 

VOL. DISPLACED 3Y LOX FEEDLINE 

0. 

0 • 

TOTAL TANK VOLUME 


20598. 

56648. 

EXTERNAL 

TANK 

DIMENSIONAL DATA 


X XXX 

XXX 

XXXXXXXX) 

( X X 

THETA X X 

X 


X 

.X 

X X 


X . 

ND . . . 

X X. . 

.LCON 

R...X D 

.X 

X X 


X . 


. XXX X. . 

. xxxxxxxxxxxxxxxxxx . 

. • .HR • • • 

.-HC--.-HO--. HH — .HR. 

L - HC+H 0+ HR+LCO N+ HH+HR-- 

lz 2122.5 IN. D= 304.0 IN. L/D= 7.0 R = 175.3 IN. HR: 113.9 IN. 
ND= 41.0 IN. THET A- 30. DEG. HC: 227.5 IN. LCONr 30.0 IN. 

HO: 326. 6 IN. HH: 1310.6 I N. ' K: .15 IN. 

LOAD ALLOWANCE: 1 .0 1 LOX ULLAGE: 1.03 LH2 ULLAGES. 03 
LOX TANK VOLUME: 20598. FT3 LH2 TANK VOLUME: 56648. FT3 

4-30 


/VfCDO/V/VELL DOOGL4S ASrWOA/AL/TICS COM rVl/VV - £AS T 



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 

REPORT MDC E0746 
VOLUME 1 

COMPUTER PROGRAM - FINAL REPORT 



28 FEBRUARY 1973 


TABLE 4.19-2 



NR BASELINE SEPARATE BULKHEAD 




(Fixed Diameter Case) 



EXTERNAL TANK 

WEIGHT SUMMARY 



ALTERNATE FWD SECTI ON (WITHOUT NOSE FAIRING) 



SEPARATE BULKHEAD-LOX FWD 




WEIGHT 



WEIGHT 



-LB. 



-LB. 


BODY GROUP 

[ 51840 . 

] 

IND. ENVIRN. PROT. t 

7878. 

] 

FWD TANK 

( 1 23 9 1 . 

) 

NOSE FAIRING 

0 . 


FWD BULKHEAD 

14. 


FWD CONE 4 CYL. 

0. 


CONICAL SECTION 

2784. 


INTER TANK 

1687. 


CYLINDRICAL SECT. 

5346. 


AFT CYL 4 DOME 

6191 . 


AFT BULKHEAD 

4247. 





INTER TANK SECT. 

( 5264. 

) 

PROPELLANT SYSTEMS [ 

5118. 

] 

AFT TANK 

( 24581. 

) 

FEED SYSTEM 

2914. 


FWD BULKHEAD 

25 79. 


PRES. AND VENT 

1746. 


CYLINDRICAL SECT. 

1 9027. 


SUMPS 4 VORTEX CTL 

220. 


AFT BULKHEAD 

29 75 . 


PNEUMATIC 4 PU SYS 

237. 


ORB/B 3TR/T ANK ATT. 

( 8168. 

) 




NOSE FAIRING 

( 0 . 

) 

AVIONICS [ 

800. 

1 

UMBILICAL PANEL 

( 300 . 

) 

DEORBIT SYSTEM ( 

25 35 . 

1 

TUNNEL 

( 644. 

) 

MISCELLANEOUS [ 

0. 

1 

3AFFLES-L0X 

( 491. 

) 



“ - 




SU3T0TAL DRY WEIGHT 

68170. 



SUBTOTAL DRY WEIGHT 

68170. 


GROWTH/UNCERTAINTY t 

5113. 

1 

DRY WEIGHT 

73 283. 


RESIDUAL PROPELLANT! 

5461 . 

1 

TANK UNDRAINA3LE 

400. 


FEEDLINE TRAPPED 

307. 


PRESSURANT 

3254. 


PU BIAS 

1500. 


INERT WEIGHT 

78744. 


USABLE PROPELLANT [ 

1650000. 

] 

TOTAL GROSS WEIGHT 

1728743. 


LAMB DA =W PR OP /W GROSS: 

. 95 45 
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NR POINT DESIGN WEIGHT SUMMARY 

REFERENCE: 2 DECEMBER 1972 

MASS PROPERTIES STATUS REPORT 


ITEM WEIGHT 



-LB. 

BODY GROUP 

48,320 

IND. ENVIR. PROT. 

7,910 

PROPULSION, ASCENT 

7,090 

PROPULSION, AUX. 

3,100 

AVIONICS 

800 

GROWTH 

5,040 

SUBTOTAL (DRY WT) 

72,260 

RESIDUAL FLUIDS 

9,580 

SUBTOTAL (INERT WT) 

81,840 

PROPELLANT - ASCENT 

1,650,000 

TOTAL WEIGHT - 

1,731,840 


LAMBDA = 0.9527 
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TABLE 4.19-4 
ORBITER HO TANK 

PARALLEL BURN-SOLID (2-156”) BOOSTER 
WEIGHT SUMMARY 



COMPLETED 

ANALYSIS 

WTS. 


COMPLETED 

ANALYSIS 

WTS. 

BODY GROUP 

[49,030] 

ELECT /INS nUKENTATION 

t 274] 

FUEL TANK 

(22,403) 

BATTERIES 

20 

AFT BULKHEAD 

3,559 

POWER DISTRIBUTION 

20 

CYLINDRICAL SIDEWALL 

19,044 

EEW FIRING UNITS 

29 

OXIDIZER TANK 

( 8.157) 

PU ELECTRONICS 

10 

PVD BULKHEAD 

337 

RANGE SAFETY 

30 

SIDEWALL 

7,480 

INSTRUMENTATION 

17 

BAFFLES 

340 

COAX AND WIRING 

148 

COMMON BULKHEAD 

( 4,340) 

DEORBIT SYSTEM 

l 2,170] 

BOOS TER/ ORB/ TANK ATTACH 

(12,966) 



NOSE FAIRING 

( 464) 

GROWTH / UNCERTAINTY 

TO 1 1.745] 

UMBILICAL PANEL 

( 300) 

DRY WEIGHT 

64,550 

TUNNEL 

( 200) . 

RESIDUAL PROPELLANTS 

[ 3,854] 

INDUCED ENVIRONMENT PROTECT. 

I 6,544] 

TANK CTDRAINA1LES 

100 

ABLATOR 

5,344 

FEED LIE! T1APPXD 

317 

FOAM 

412 

FEES SUBANT 

2,690 

PRIMER, PAINT AND SEALER 

590 

PU BIAS 

547 

PROPELLANT SYSTEMS 

[ 5,265] 

INERT WEIGHT 

68,404 

FEED SYSTEM 

3,430 

USABLE PROPELLANT 

n. 530, 800] 

PRESS, AND VENT 

1,366 



SIMPS & VORTEX CONTROL 

220 

TOTAL GROSS WEICHT 

1,599,204 

PU SYSTEMS 

185 



PNEUMATICS 

56 

V W PRDP 

Ar y 

0.9572 



GROSS 



Computer Output (Fixed Length) 

external tanx weight summary 

COMMON 3ULKHEA0-L0X FWD 



WEIGHT 




WEIGHT 



-LB. 




-LB. 


BODY GROUP [ 

49203. 

I 

INO. ENVIRN. PROT. t 

641 6. 

) 

FWO TANK ( 

8747, 

) 

NOSE FAIRING 


650. 


FWD BULKHEAD 

612. 


FWD CONE 4 CYL. 


0. 


CONICAL SECTION 

3904. 


INTER TANK 


0. 


CYLINDRICAL SECT. 

4230 . 


AFT CYL 4 DOME 


5766. 


AFT BULKHEAD 

0. 






INTER TANK SECT. ( 

0. 

) 

PROPELLANT SYSTEMS [ 

5269. 

] 

AFT TANK < 

29157. 

) 

FEED SYSTEM 


3442. 


FWD BULKHEAD 

5658. 


PRES. AND VENT 


1366. 


CYLINDRICAL SECT. 

18729. 


SUMPS 4 VORTEX 

CTL 

220. 


AFT BULKHEAD 

3771 . 


PNEUMATIC 4 P'J 

SYS 

241 . 


ORB/BSTR/TANK ATT . ( 

10398. 

) 





nose fairing c 

362. 

) 

AVIONICS 

I 

274. 

1 

UMBILICAL PANEL C 

300. 

) 

DE0R3IT SYSTEM 

[ 

2208. 

J 

TUNNEL < 

200. 

) 

MISCELLANEOUS 

t 

0. 

] 

BAFFLES-LOX < 

339. 

) 




-- 




SUBTOTAL DRv WEIGHT 

63370. 



SUBTOTAL DRY WEIGHT 

63370. 

GROWTH/UNCERTAINTY t 

1267. ] 

DRY WEIGHT 

64637. 

RESIDUAL PROPELLANT 1 

3853 . ] 

TANK UNDRAINA3LE 

100. 

FEEDLINE TRAPPED 

317. 

PRES3URANT 

2890. 

PU BIAS 

5 47. 

INERT WEIGHT 

68490. 

USABLE PROPELLANT [ 

1530800. 3 

TOTAL GROSS WEIGHT 

1599289. 

LAM3DA=WPR0P/WGR0SS= 

.9572 
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TABLE 4.19-5 

MDAC BASELINE COMMON BULKHEAD 
(Fixed L/D Case) 

EXTERNAL TANK PROPELLANT INVENTORY 


ITEM 

PROPELLANT WEIGHT -LB. 

ASCENT (INCLUDES FPR) 

START PROPELLANT 
SHUTDOWN ADJUSTMENT 
FEEDLINE RESIDUAL 
CHILLDOWN RESIDUAL 
ENGINE RESIDUAL 
PU BIAS 

TANK U NDRA I NABLE 
PRESS'JRANT 

NOMINAL LOAD 
LOADING ALLOWANCE 

MAXIMUM LOAD 
PROPELLANT BELOW TANK 

MAXIMUM LOAD IN TANK 
PROPELLANT V0LUME-FT3 

PROPELLANT VOLUME IN TANK 
TANK VOLUME FOR FLUIDS 
VOL. DISPLACED BY LOX FEEDLI 

TOTAL TANK VOLUME 


LOX 

LH2 

1312114. 

218686. 

7414. 

1441 . 

150. 

87. 

918. 

284 . 

134. 

5. 

10 72. 

75 . 

0 . 

547. 

0 . 

100. 

1 740. 

795. 

1323537. 

2220 20 . 

13236. 

2220. 

1336772. 

224240 . 

- 13082. 

365. 

1323690 . 

223875 . 

18644. 

50881 . 

19015. 

51898. 

0 . 

227. 

19016 . 

52125. 


EXTERNAL TANK DIMENSIONAL DATA 


X XXXXXXXXXXXXXXXXX 

THETA X X X 

.X X . X X . 

NR. .X ND X. .OR OD X R. . .X D 

.X X . X X 

. X X x. . 

.HOR. XXXXXXXXXXXXXXXXXX . 

.HCO. .HR. 

, — -HC--.-HO— HH .HR. 

L-HN+HC+HO+HH+HR 


HN — 


L= 1692.0 IN. D: 339.6 IN. L/D: 5.0 R= 196.1 IN. HR: 98.0 IN. 

NR: 25.0 IN. OR: 128.7 IN. OD: 222.9 IN. HOR: 64.4 IN. HCO: 160.3 IN. 
ND: 47.0 IN. THETA: 20. DEG. HC: 402.0 IN. LCON: .0 IN. 

HO: 131.3 IN. HH : 994 .2 IN. K: .00 IN. 

LOAD ALLOWANCE: 1.0 1 LOX ULLAGE:1.02 LH2 ULLAGES. 02 
LOX TANK VOLUME: 19016. FT3 LH2 TANK VOLUME: 52125. FT3 
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TABLE 4,19-6 
MDAC BASELINE DESIGN 
(Fixed L/D Case) 


EXTERNAL TANK WEIGHT 
COMMON BULKHEAD-LOX 
WEIGHT 

-LB. 


SUMMARY 

FWD 

WEIGHT 

-LB. 


BODY GROUP t 

FWD TANK ( 

FWD BULKHEAD 
CONICAL SECTION 
CYLINDRICAL SECT. 
AFT BULKHEAD 
INTER TANK SECT. ( 
AFT TANK ( 

FWD BULKHEAD 
CYLINDRICAL SECT. 
AFT BULKHEAD 
ORB/BSTR/TANK ATT . C 


NOSE FAIRING < 
UM3ILICAL PANEL ( 
TUNNEL < 
B AFFLE3-L OX ( 


4921 9. 

i 

IND. ENVIRN. PROT. I 

6414. 

1 

8747. 

) 

NOSE FAIRING 


65 1. 


613. 


FWD CONE 4 CYL. 


0 . 


3913. 


INTER TANK 


0 . 


4221 . 


AFT CYL 4 DOME 


5763. 


0 . 
0 . 

) 

PROPELLANT SYSTEMS [ 

5266. 

1 

29172. 

> 

FEED SYSTEM 


3439. 


6671 . 


PRES. AND VENT 


1366. 


18723. 


SUMPS 4 VORTEX 

CTL 

220. 


3778. 


PNEUMATIC 4 PU 

SYS 

241. 


10 100. 

) 





362. 

> 

AVIONICS 

t 

274. 

1 

300. 

) 

DE0R3IT SYSTEM 

[ 

2208. 

1 

200. 

> 

MISCELLANEOUS 

t 

0 . 

1 

338* 

) 







SUBTOTAL DRY WEIGHT 

63382. 



SUBTOTAL DRY WEIGHT 

63382. 


GROWTH /UNCERTAINTY I 

1268. 

I 

DRY WEIGHT 

64650 . 


RESIDUAL PROPELLANT t 

3853 . 

1 

TANK UNDRAINA3LE 

100. 


FEEDLINE TRAPPED 

3 17. 


PRESSURANT 

2890. 


PU BIAS 

547. 


INERT WEIGHT 

68503. 


USABLE PROPELLANT [ 

1530800. 

1 

TOTAL GROSS WEIGHT 

1599302. 


LAMBDAxWP ROP/WGROSS = 

.9572 
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TABLE 4.19-7 

MDAC BASELINE SEPARATE BULKHEAD 
(Fixed Length Case) 

EXTERNAL TANK PROPELLANT INVENTORY 


ITEM 

LOX 

LH2 

PROPELLANT WE IGHT-L3. 



ASCENT (INCLUDES FPR ) 

80 75 14. 

134586. 

START PROPELLANT 

1015. 

372. 

SHUTDOWN ADJUSTMENT 

150 . 

87. 

FEEDLINE RESIDUAL 

918. 

25 6. 

CHILLDOWN RESIDUAL 

2 72. 

19. 

ENGINE RESIDUAL 

1072. 

75. 

?U BIAS 

0 . 

336. 

TANK UNDRAINA3LE 

300. 

100. 

PRE35URA NT 

1071 . 

489. 

NOMINAL LOAD 

812312. 

136321 . 

LOADING ALLOWANCE 

8123. 

13 63 . 

MAXIMUM LOAD 

820 435. 

1 37684. 

PROPELLANT BELOW TANK 

- 12538. 

35 1 . 

MAXIMUM LOAD IN TANK 

807896. 

137333. 

PROPELLANT V0LUME-FT3 



PROPELLANT VOLUME IN TANK 

11379. 

31 21 2. 

TANK VOLUME FOR FLUIDS 

11506. 

31835. 

VOL. DISPLACED BY LOX FEEDLINE 

0 . 

0 . 

TOTAL TANK VOLUME 

1 1606. 

3 1836 . 


EXTERNAL TANK DIMENSIONAL DATA 


X xxxxxxxxxxxxxxxxx 

THETA X XX X 

.X X . X X X 

NR..X ND X..OR OD ...X X...LCON R...X D 

..X X . X X X . 

. . X XX X, 

. .HOR. XXXXXXXXXXXXXXXXXX 
.HCO. .HR.. 

. H C - - .-HO-- . HH .HR 

L=H N+HC+HO+HR+LCON+ HH+HR 


H N-- 


L= 1470.9 IN. Dr 306.4 IN. L /Dr 4.8 R= 176.9 IN. HRr 83.4 IN. 
NRr 33.0 IN. ORr 103.1 IN. ODr 178.5 IN. HORr 51.5 IN. HCOr 238. 6 IN. 
NDr 63.8 IN. THETAr 15. DEG. HCr 45 2.7 IN. LCONr 20.0 IN. 

HOr 60.3 IN. HH r 73 6.5 IN. Kr .00 IN. 

LOAD ALLOWANCEr 1 .01 LOX ULLAGE =1.02 LH2 ULLAGEr 1 .02 
LOX TANK VDLUMEr 1160S. FT3 LH2 TANK VOLUMEr 31836. FT3 
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TABLE 4.19-8 
MDAC BASELINE DESIGN 
(Fixed Length Case) 


EXTERNAL TANK WEIGHT SUMMARY 
SEPARATE 3ULKHEAD-L0X FWD 

WEIGHT WEIGHT 

-LB. ”LB. 


ODY GROUP 

t 

50505 . 

] 

FWD TANK 

( 

10665 . 

) 

FWD BULKHEAD 


357 . 


CONICAL SECTION 


4608 . 


CYLINDRICAL SECT. 


16 62. 


AFT BULKHEAD 


4037. 


INTER TANK SECT. 

( 

4764. 

) 

AFT TANK 

( 

265 90 . 

) 

FWD BULKHEAD 


3704. 


CYLINDRICAL SECT. 


18970 . 


AFT BULKHEAD 


3917. 


ORB/BSTR/TANK ATT. 

( 

71 79. 

) 

NOSE FAIRING 

( 

292. 

) 

UMBILICAL PANEL 

( 

300 . 

) 

TUNNEL 

( 

446 . 

) 

3AFFLES-L0X 

( 

267. 

) 


IND. ENVIRN. PROT. [ 

5330 . 

] 

NOSE FAIRING 


536. 


FWD CONE 4 CYL. 


0 . 


INTER TANK 


1298. 


AFT CYL 4 DOME 


3496. 


PROPELLANT SYSTEMS I 

45 18. 

] 

FEED SYSTEM 


2475 . 


PRES. AND VENT 


1594. 


SUMPS A VORTEX 

CTL 

220 . 


PNEUMATIC A PU 

SYS 

229. 


AVIONICS 

[ 

3 45 . 

] 

DEORBIT SYSTEM 

t 

22 46. 

I 

M ISCELLANEOUS 

[ 

0 . 

] 

SUBTOTAL DRY WEIGHT 

629 43. 



SUBTOTAL DRY WEIGHT 

62943 . 


GROWTH/UNCERTAINTY [ 

3902. 

1 

DRY WEIGHT 

66846. 


RESIDUAL PROPELLANT! 

2903. 

1 

TANK UNDRAINA3LE 

400. 


FEEDLINE TRAPPED 

307. 


PRESSURANT 

1859. 


PU 31 AS 

336. 


INERT WEIGHT 

69749 . 


USABLE PROPELLANT [ 

942100 . 

I 

TOTAL GROSS WEIGHT 

10 11849. 


LAMBDA :WPROP/W GROSS; 

.9311 
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4.20 Program Listing - The following pages contain the complete External 
Tank Module FORTRAN program listing (Table 4.20-1). 

TABLE 4.20-1 
PROGRAM LISTING 


l?:cn P4#*73 ID»P15? 

_J1P <n511iAHT3 1 L 

Limit (MROER)# ( ACC^JNT)# (C%9># <TI#3 

PCL 

C^PY TKSin TO L p (<#NC) 


) * ( L9» 130 )/(PS#200 ) # < TS# 500 )»(9T»0) 


1 - 

• 5 0 D '■ 

p - 

1-300 1 

1 - 

20 09-1 

4 - 

3000 1 

5 - 

4 t 00 0 1 

r, - 

5 0 3 9 

7 - 

5000 

5 - 

5.990 

1 

7taoo_ 

n - 

«ooo 

n - 

3.930 

l? ■ 

19030 

13 - 

11 ooo 

14 - 

0030 

1 5 - . 

03030- 

I*’ - 

1 4 . 300 

17,- 

15000 

1° * 

17.330 

19 - 

19-000 

?9 - 

l«-533 

21 - 

_J.lO.0D_ 

?? - 

0*190 

2? - 

19*200 

2 4 - 

1^*300 

25 - 

l?*O0 

25 - 

0*530 

27 - 

__13-S10 _ 

2* “ 

23* 930 

2 n " 

21-030 

pp - 

=M -500 

31- * 

21*530 

- 

22-300 

33 ’ 

p 300 0_ 

34 - 

33*530 

35 - 

23-530 

35 - 

29*730 

?7_- 

29*930 

pq - 

?4*330 

3P - 

34*130 

4 P - 

p 4 . P30 

4 1 - 

P 4 . 390 

4 2 - 

24*433 

43 - 

34.533 

44 - 

25*930 

45 - 

p 7 * 0 3 

4 *> - 

P V* 30 O' 

47 - 

pp.300 

u q - 

93*330 

4P - 

30-500 

53 - 

33-500 

51 - 

91 *000. 

5 P * 

I?, TOO 

53 . - 

33.000 

54 - 

34.339 

55 - 

35*933 


Ind^ais- mixture pati9>use*ble pp 8 3 ell*nt 

^5 ft} l\ n rJTHEP 9E3UI9E0 TAN< L/D*LENGThI 09 *>IA'1-TER. 

I MD, _ I C 1 T 9EAL(*-Z) 

1 VT" 3E9 I 

-IF X ( ° ) / 

.&WF.lal<WaC9l<FHCT( 31 < 43Xl.aX«JFX91-» T 8 0) <M F .m. M9(9 1 j 

># Wl3F<°)#*JLD90> 

>9} j , ^ 1 , |_}, \|R, MO# H£TA« MHI i O99P0#MR I#UPEP0*LA#F?:>3ES»8PPES 
S,EJ=9-5,9JPStS#TM99#ISP9T.LF»0F»LC9N*BL<H0#BXi<i JPERP* 
^H»IA9 ,FS,mxl»NXS#pTU#E»P90“9P#RH0#TMIN»PE»91.9L* 

SNCT=S» JCT 3 3j LCTPSj CXTPS i 1 NTP S* P MI£&»E4-X0 WT . Sj P . x . 

... . J- » tMnxi Uk.1 . pa uT .ar.i ft J 


aNL I O I JL- I Uii- J * * « « ■ ~ - _ _ _ , - , 

*RFT3V#RFTTSP#AVI9N#MI5C#AFT# THBSL* NN# CANT#9Gl0WjHRI 
30 INPJT(I) 

JF ( AFT.NE.O* ) 39 T9 11 
G* 1 T9 1? 

C SET L-X AF T ( I NJVERT MR 5 SWITCH DENSITIES) 

11 MR»WMR1 . — — 

x r j3R«9iJP»ES 

XF? 3p «9 p RE3 
yft J3P.F JPPF S 
xno^.FOPprs 
X p EP9" J 3 E* r 

X D ERF ■ LPE.R3 . - 

Ff>£vj«71 • 

90EN« < * • b 
39 T9 13 

C 3 A ?EL 1 NE L9X FORWARD 

12 rn^\j«4*4 

59EN-71- 

C INITIALIZE Dl"ENSI9NS 3E«FIXE0 DIANETEPj 

C Lf« r IxE3 LEN3T-ijL'>»PI >< EO L/D)LI»HHI AhE 

C INITIAL GUESSES 

13 -|H»-Hl 

r.ie L .sPAP iV (i..*'i9) . — 

5xn»f'JEL«-iP 
IFf F-EIO* ) r.*» T3 5 
TV9L» F JEL/PDE v *3XI?/93EN 
3«((Tv3L»17?A.)/( • 785<**LF ) )»*»5 
5 J F (}F • GT • ) PO r 

L*LT 

IF<_r.3TO*> L«_ r 
10 IF ILO'GT «0« ) P-L/LO 

C C»L'JLATE OFPFndfvjt DIMENSIBNSjTHETA IS FW3 

C C^NF a N~L r INPJTTFD IN OEG9EES 

JS IF(3l<-*P*'i7 , ? , 1 53 T9_L*_ 


MO«3«*NP*CSS(T‘NFTA/57»?958) 

1ft -ic*(» = '*3*«5»NP)/TAN(THETA/57«295B) 
RO/3**»»5 
HP»-H I »P 
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TABLE 4.20-1 

PROGRAM LISTING (Continued) 


IFf^L'-OOT.P. ) 39 T9 17 

115 4/51 TMET A/5 7#?958) 

9P , >g* «HC3»T AN ( Id£JA/57 t2955J 

CALCULATE DE=>f\oENT VSLU'IES 
V9L r **2M **h:**{ D*#2O*9:>O0*«»2 ) 

VU3M 0*72* H?** Of L3*»M-HA*J 

3^ T9 1* 

17 vU r »*?MH»HC*n»*20»ND*ND**2) 

IS VUA-1 •047?*9 C ?**?* ( 3«*R-MP) 
vntc«. 7 SSu#D»»?*H 9-V9LA 
IF ( PL<H r >«3T • 1 .0) OLOVBL* 



CAL3JL.ATE ®P3P?lLAMT IVVENT&RY 
9FLV»TMRV1S03T 
?FL9d*»9FL?*/ ( 1 .+NP) 

9FL W.9Fl9*n* m! V( 1 *4*11) 

FUEL I N V F M T 0 9 Y 

JSTA9T -3* 25SOFL9 WX. 

I F ( • \r • 1 *0) FSTA9T»«S**0FL5WX 

F^HJT- • 1965*9FL3WX 

FEE3F* .^01 H9*n*3FL9^X 

FrHILL«Ol355*9FL9^X 

I F c . ME • 1 *0) r CHILL«O4 35*0FL9^X 

FFN.-i«.iA9*l«3FLM# _____ 

FR J A?« • 0DP5«FUEL 

|FM?I*MTO.) F3IAS«H9IAS 
mp4 I \«l DD* 

(rM EL3^» r iFOF4FCHlLL+ c 'iMCi 
}T S=>VF. . 1330 9^?* ( HHOR) OF LflrfY 

IF ( IT . 1 .0 ) 31 5 p VF»Q« 

" IF(AFT.EOO» ) 33 T9 35 
jpr?r,*Dryr 

F n P9E5«XFs»9 

FPp-3?.0313 2A*FjrL # r JDRES/1S* 

__ FPF3«O3*0 7*FllF^#( JP E3F + LA»g> )»FQPPES/3Q» 

3 r> T T 3 A 

35 rP&E3?»0T*63^*rUEL*FJPSES/0.» 

FPF^.ORSf 7*F;)Fi - #(UPE9r4*LA*2# ) #FeP9ES/*0* 
sjnMj\iAL FUEL L9A} 

3 5 N9 j L .r ijr^rc TA9T+FS HUT 4>FEE3F + FCH I LL + FENG+FB I AS + FDRA IN 

FUE.\^OPJ3 ALL9WAMCE 
F all^ a »N* vFUL* ( L *• 1 • ) 

MAyrj u .\j»MruL + r ALL9W 

FJEL 1 N TANK _ .. 

MAxrir.^A^FLj^.p-gr^^w 

Fjr^ volume 

fjv4L*^axfIT/F^EN 

ATD FJEL JLLA3E VOLUME _ 

TFVfl»FUV 9L* J p E9F 

ADD V ° L DISPLACED BY L9X LINE IF C9tf M ©N BL«HD DES_ 

TFVTT»TfvfL43ISPVF 

?XY3£Vi INVENTS 9 Y 

3STA9Tt»?/79l20FL9rfY 

IF(RX.NE.l.O) 9START-0820FL9WY __ 

9FMJT»*0565*9FL9WY 

FEE*>9«.3*5f #9FL9WY 
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TABLE 4.20-1 

PROGRAM LISTING (Continued) 


117 

- 



9CMTLL- 05044 


1 1 4 


33000 


IF(^.^.l.O) 9CH I LL**1 025* 9FL9*Y 


1 1_2_ 


3_4 Op0_ 


DEn:g» • 4^355* 3 FLOW Y 


l?o 


3 5 000 


90R4INO. 


121 


46000 


I F ( 9L<H0# OT • 1 • ) 5DP Al N ■ 900* 


1 ?? 


37000 


OL I Nil*. 0046# ( MM- HP ) *5 PLOW Y 


1 2 1 


34 . 000 


JF nL<H3.0T.1.0> 9 LINE ■•0046*<HH+»5»D + LCBN) *9FL3*IY 

t?4 


3 3 000 


9 p fL9*«9LI'JE+FEED9*-9CHILL*9E'<G 


1 


33.100 


|F( AFT.EOO* > 59 T9 37 


126 


73.700 


jPOj.XPfPO 


127 


33.700 


OU 3 9 * S * O iJ3Q 


12* 


39.400 


^PRES* X9PR 


1?7 


33.500 


9PR r 3S#09363 5*9X I D#9 JRRES/40* 


1 ?0 


33.600 


9PE6# 02667*9X1 D*(JPE39+l A- 2* )*&PRES/4D. 

% 

1 31 


39.700 


09 T9 I® 


1 ?? 


30000 


3 7 9P3ES<!i.00i 3?**9XI0«3JRRES/19* 


1 37 


91000 


9Cfr5.,o3457»?VI0»(U p E : ’9*LA-?* ) *BPRES/30* 


1 34 


31 .500 

c 

VJX-11NAL 9xYGE k! L3*D 


1 33 


03000 


39 vn'-nxL«‘ , XI0 + 9qTART«-9SHUT*FEE0B«-BCHILL + 3fNG + 0:>RfSS*9DRAIN 

1 ^ 


73.600 

c 

9VY3E^ L 6 a 9 I N 6 ALL9WANCE 


1 77 


77.000 


9 A L 9/ ■M6M4XL#tLA-l • ) 


i 7 ? 


94.003 




1 37 


04.500 

c 

maxIMJM 9XYGEN IN TAN< 


1 49 


05000 


HAx91T«HAx9xL-^BEL?W 


141 


75.500 

c 

gxvoE^i V9 lJME 


1 47 


36 OOO 


9XV9L*MAX-t I TO^EN 


1 47 


96.600 

_c_ 

A 09 4XY9C-M UL^AGP V9LJME . __ 


1 44 


37. 000 


T9V7|^»9XV3' ta # JPF39 


1 4- 


37.600 

c 

rjr^ tank HEIGHT AS F JNCT 1 BN OF TOTAL FJEl TAN< 

V9L 

14 6 


97.600 

c 

PFOJI^EO lE S5 D 3EVI9JSLT CALC DEPENDENT VRLIMES 


147 


34000 


HH« ( TP VI T*! 7?4.-V9LA-V9LC )/( .7*54#D#*2 ) + HR 


1 43 


34.500 


I P ( HH* LT • HR ) HH«HR 


147 


3 3 O 00_ 


in^K^.^T,?,) VBLG# 0 • 


tb7 

— 

33.500" 

c 

9 X Y TAVJX CVL WEIGHT A3 FJNiCTIB'J 8F T3T 9XY TAN< 

V9L 

151 


73.500 

c 

RfO-IIREO L-SS p 3EV CALC 0E° VBLSIIF CBVE 13 313 


157 


39.700 

c 

.M.J3H CYl HEIGHT <H8) IS SET EQUAL T0 ZERS. 


157 


109.900 


-m.(T’iV p L»l 7? p •-V lLD-VBLR-V9LG)/( •785 a»0»»2) 


154 


1.01 000 


l F ( H9 • L T • 0 • ) h».0. 


1 35 


103.700 


If f 3L<H3»GT.2. ) HM»0« 


nrr 


~To9.^oo~ 

T~ 

CFlCJl*TE 9v£ralL TavkTEFjsT^ 


157 


107000 


Ll#HN + HOHH + HR + H9 


1 64 


1 04000 


IF(9L<H0»GT.I .0) L 1 «L1 ♦HR'f LCSV 


1 57 


1 94. 500 

c 

ITERATE T 3 REQUIRED 0 1 M£MSI B'JAL CBMSTRAINTS 


167 


195000 


IF(A3S(Ll-L)*LT.l. ) 39 T9 20 


161 


106.500 


I F ( L r • GT • 3« ) GO^Ll/Lf 


167 


1*06.9 00’ 


If OT.GT. 3 . ) L *L1 


163 


197.900 


I F ( OF t GT • 0 • ) G9 T9 15 


1 64 


1 03.900 


I F ( lO • GT • 0» ) L* ( Ll +L) 72* 


165 


119000 


39 T9 10 


1 66 


It IOOO 


20 L*L1 


1 67 


111.500 

c 

CAL"JL*Tf 3 R9 P I Nx r NT 9R Y SJ2TBTALS 


163 


1 i?ooo" 


JVDPAN«9DPA IN+P03AIN 


163 


113000 


rrr-jT^.rr- OP* .3333*PE2D5# 041 9 


1 70 


114000 


orr jrt-fPr£sS*FRESO d RESSOPE5 


171 


115000 


RES! DT«JN9RAN+FEE9TR* 3 RSJRT#F9l AS 


177 


115.500 

c 

CALC RESULTING V9lS POP CH£C< AGAINST REDD V9LS 


177 


190000 


9 XV r # fV*H "Uv^Lr + V 9L3*M9*. 78 54 *D**2)/1 728* 


174 


1?1 OOO 


FUV’Ip* ( V9lA#V3lC^< HH-HR )*.7*54*D**2)/l728. 


175 


121 .500 

c 

CALC JL ATP l. I P T • 3 PP 0XT3EN HEAD ME 1 3HT j I S HEAD A99VE 

176 


1 ? 1 • <>00 

c 

9R 3EL9X C9NE/CYL CBNT3UR 3RtA< 


177 


122000 


H91 ■ { ixv9l»17RA«-\/9LA )/( •7A5.»D**2) 
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1 7* 

- 

1 33000 


1M -151 .3T.H0) G 9 T3 21 


17-? 

- 

134O00 


G1 T5 2. 


l *n 

- 

134000 

C 

I F yr; ITERATE rgp HEAD HEIGHT IN C9NJCAL SECTION 

rvr 

- 

T^OOO* 

■7 r~ 

H5Hl»H0i-H0 


n? 

• 

12*. 900 


5XV9L1 OXV5L*! 725* -VOL A-HP*. 7854*0* *2 

. 

1 

. 

137.900 

3? 

01O-3.*H^Hl*TA'j( THET 4/57*2958 ) 


! 84 

• 

138000 


V01-O51 ** HO HI #< 0»*2O#Dl 01**2 ) 


1 R5 

- 

139.000 


I r ( a9S<4XOl1-V31 ) .LT.100. ) 39 T9 23 


1 

• 

1 30000 


-i9hi ■ ( v^i i*m4hd/v91 


1 R3 

- 

n 1 -00 0 


3° T9 >2 


1 83 

- 

1 93,900 

33 

H*>-t«-nHl +HR 


1 FIT 

- 

193O00 


3^ T3 25 


1 90 

- 

194.900 

34 

» -1 ^ 1 


1 *1 

- 

134.500 

c 

caleulate ^ i ft- jr- fuel head height 


1 ?3 

- 

1 9 4 . * 0 0 

25 

IF(-h.E3.h2) G9 T* 51 


1*9 

- 

"79 5 000“ 


_ HFH.( vU*-172**»Fjvf)L)/(172R»*DISPVF/(HH-HR). 

•7854*0**2) 

1 94 

- 

135.100 


39 T? 5? 


195 

- 

135-300 

51 

HFH» < v3LA-172P«*FJV9L)/( • •7R5**D**2 > 


1 ®* 

- 

195000 

C 

9tv jlt ullage pressure 


107 

- 

1 9*000 

52 

D, JLL9* r S* t )»Rt^ 


1 9 D 

- 

1 95.500 

c 

FUEL JLT ULLAGE D3ESSJSE 


^7rT“ 

- 

“nrrooo - 


»l)LL r, FS*E3PRES 



. 

1 77.5^ 

c 

4 y y apt Done ULT LIFTOFF HEAD PRESSURE 


30! 

- 

138000 


M9H + HP ) *90tN*NXL*PS/l729. 



- 

1 38*500 

c 

FUEL ^ r T 90ME ULT LIFTOFF HEAD PRESSURE 


PpP 

- 

133.900 


FHOHl* (HFH+HR) *p‘0EN*NXL #p S/172B. 


394 

- 

193.00 

c 

3\9 STAGE c-jpl L9A0 



- 

140000' 


'‘UE'_2« d: ’’': > ''2/(1»'MR) 


3Q* 

- 

1 40*500 

c 

?ND STAGE 9XYGEN L9*3 


377 

- 

141 .900 


Dxn?«FJEL?»' 1c ' 


p 9 P 

• 

1 49.000 


XF'j.P.FUEL’ + v, AXri T-FJ3 L- f START-FCHILL 


P OP 

- 

143000 


ynx''?»?XI0? + ^AX3 I T-flXID-asTART-BCHIU- 


PIP 

• 

1 4 9.500 

c 

SMG 5T*3F ruEL VOLUME 


311 

- 

144.000' 


' VXF?.XFJL?/FDFN 


3 1 P 

- 

1 44.500 

c 

PND STAGE 3XYGEN V5LJ3E 

- . . 

?n 

- 

145000 


VX^P»> 9XD?/B3 r N 


3 1 4 

- 

1 45.500 

c 

?mo stage fuel head height 



3 1 r ' 

. 

145*500 


!F<-H«f1»HR) G* T 9 53 


31* 

• 

1 4*. 990 


HFHS.( v«LA-17?».<m/XF2>/< 172*.»DISPVF/(HH-HR)- 

• 7854*0**2 ) 

317 

- 

145*1 00 


3* T9 54 


3 1 * 

- 

14**300 

59 

HFHP. ( V*L*-17?A. *VXF2)/<-. 7854 *0**2 > 


?l a 

- 

147.^09 

54 

IF (HFh5.lt OO ) H r H2O*0 


P^P 

- 

147.500 

c 

CALCULATE ?N0 5TA3E jxyGEN HEAD HEIGHJiIS HEAD 

321 

- 

1 47. *00 

c 

A«9VE 93 HELO w C9NE/CYL C0NT5UR BREAK 


3 33 

- 

148000 


nn 3. ( W9 3*1 728--V9LA) /( • 7854*0**2) 




- 

“T4*000~ 


’ |F* H9**jT «ho J S3 t9 24 


334 

• 

150000 


9* T9 33 


3?5 

- 

150**00 

c 

IE yPG ITEPATE F93 HEAD HEIGHT IN C0NICAL S£C 

TI3N 

32* 

- 

1 51 OOO 

3* 

-|fiHX*09*0 


337 

- 

153.000 


9XV9L ?*VX" 2*1 728 • -V9L4-H&*. 7954*0**2 


3?8 

- 

153. n 00 

37 

03»0-3.»m^HX*TAS{THETA/57.2959) 


3?7 

- 

154 000" 


"~V« ?■ . ? * 1 8*HpHX* { 0#*2O*D2O2**2 ) 


*399 

- 

155.900 


I F ( a 55 ( y9L 2-V32 ) • LT • 1 00* ) 39 T9 28 

... ... 

391 


15*000 


H»my« ( 9XV0L2*m*HX) /V92 


393 

- 

157000 


39 T9 ?7 



333 

- 

15*000 

2 * 

-|gH 3 «HgHX + HQ 


334 

- 

15«*100 


50 T9 50 


?35 

- 

15*000 

29 

HftH3»H92 


33* 

• 

15*. 300 

C 

9XT AFT 3GHE ULT 2ND 3TA3E HEAD PRESSURE 


? 37 

- 

153.900 

50 

^HDHEMHShP + HR) «5DEN*NXS*FS/1728» 


338 

- 

159*500 

C 

FUEL A'"' - D?HE ULT 2ND STAGE HEAD PRESSURE 

- 
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169 

909 


p M -)HP-(HF-|P4-(P)#r9PM#\JKS#F5/17?P« 

P4n 


169 

=no c 


JLT ?x v *rT D^HR JLLA3E+HFAD PRES EITHER LIFT- 

P41 


169 

690 C 


9FR 93 ?N3 STA3E WHICHEVER 15 3REATER. 

pup 


161 

990 


p«0^,ojl l ^ + 9 h 9 s 11 

P4P 



900 


IF(9H3h?.3T.9H3H1 ) P93BH.PJLL3*9HDH2 

P4 4 


t <;p 

533 C 


JLT PJEL * r T PBHE ULLAGE+-HE *3 PRES EITHER LIFT- 

P45 


is 3 

*30 C 


9FR 33 ?N3 STA3E WHICHEVER IS 3RE AT£R • 

P46 


Ul 

900 


Dfr-)qM*pjL L r + irH9vn 

P47 


164 

999 


tr<r-j9MP,9T.rM9^1 ) Pr05H«PJLLF6FHDH2 

P4 » 


164 

533 C 


INITIALLY SET WT'S 5 T'S T9 ZE*9 BEF9RE BE3 I NN I N3 

P 4 P 


164 

*30 C 


MULTI-STATION ANALYSIS* 

p^n 


1 65 

990 


*ifx.o* 

?51 


166 

900 



p?p 


167 

990 


WL9C“)(«0« 

P5P 


1 6 R 

n 00 


^L09>-9. 

P?4 


169 

n 90 


T a F • 0 • 

?55 


179 

900 


T A 0 * 0 • 

P56 


179 

530 C 


MULTI -STATIST ANALYSIS ( FUEL TANK REFERS TO AFT TANK 

?5? 


179 

<■33 C 


AND A*v TAVK REFERS T9 FWD TANK] HE REVERSE IS LITERALLY 

P^3 


i 79 

790 C 


TRJE F?R THE L9X AFT 9PTIBN BECAUSE 9F LINE 1 B - 5 

P'6 9 


1 7 9 

*09 C 


AT 5E0INNING 9F TME FtfD AND AFT TAN<S A : 

PA" 


179 

Q 30 C 


THE33P9RF A N * L I ZE3 IDENTICALLY IN THE EVENT THAT THE F WD 

Pfl 


179 

31 3 C 


T y IS LARGE AND THE afj TK IS SHALL AMD VICE VERSA) 

?*P 


171 

900 


99 *4 1 ■ 1 , 9 

P6 P 


1 7P 

990 


■4F ■ -4H • HP 

?64 


1 7? 

530 C 


SE T R T A T I n \| L n CA T I 9NS FOR FUEL TANK CVL W ALL ANALYSIS 

Pf ^ 


179 

000 


HFXli ) •• 1 ?5» ( I - 1 1 »HF . _ 

P*£ 


179 

533 C 


CALCULATE fuel T< CYL WALL head PRES 3 HFX(I) 

P67 


179 

*30 C 


A RBVE CYL 3ASE BY C8H°AR I N3 WITH LIFT-9FF AN} 

P6* 


1 79 

733 C 


?N3 STAGE HEA3 HEIGHTS AS CALCULATED PREV I 9USL Y 

?6 1 


174 

900 


RHC?" ( HRHP-HFX ( I ) ) *FDEN*NXS*FS/l7?S. 

?79 


1 75 

900 


e-HCI « ( HFH-HFXI m »FDEN»NXL»FS/172B« 

p 7 1 


176 

990 


IT (RHC1 «LT»F HCR) 39 n 59 

p 7 ‘ 


177 

00 0 


C"MC Y«F-IC 1 

P 7 T 


17* 

090 


9” T? 69 

P74 


179 

090 

59 

FMCX-FMCP 

P7G 


199 

990 

60 

[F (PHCX.LE*0« ) FH0X«0« 

p 76 


199 

590 C 


A 09 fjpl ULLAGE P9ESS T9 FESJLTjNG HEaO PRESSURE 

P 7 7 


1*1 

090 


FMTT ( I ) •F>l~V + r>llLLtr 

P7* 


191 

500 C 


SET STATION L^C A T 1 3NS FOR HXY TANK CYL WALL ANALYSIS 

P7P 


1 9 P 

990 


H“*( I) 1?5» ( 1-1 )»H9 

PfO 


1 g 9 

090 C 


CALCJLATR 9 X Y T< CYL WALL HEAD PRES 8 H9X(I) 

P*1 


199 

190 C 


AH?VE CYL BASF 9 Y C3H=ARIn3 WITH LIFT-9FF AND 

Pgp 


199 

POO C 


PN 3 stage HEAP HEIGHTS AS CALCULATED PREVI9USLY 

pap 


194 

900 


9HCP«( H0H?-H9V{ I n •BDEN»NXS*FS/172B» 

P g 4 


19 7 

900 


0MC1«M9H-^0X( I > ) ODEN#NXL*FS/l728« 

PPG 


1 a a 

090 


IF ( 9-IC1 .LT.0HC?) 35 TO 63 

P8 6 


1 «9 

990 


g-iCx-^Mri 

PR7 


1 99 

990 


39 T9 64 

pg Q 


191 

900 

63 

5HCV»9HC? 

?B1 


1 99 

900 

_64 

IF n-lCX.LF.O* ) 9MCX«0* 

P90 


19? 

59 0 C 


A3 3 9>Y ULLA3F PRESS T9 RFSJLTInG H£Aq PRESSURE 

?91 


199 

900 


9HCT ( I ) »9HCX aP JLL9 

P9P 


199 

590 C 


C*LCJLATE fjEL TANK BENDIN3 HBHCNTS 

P9P 


194 

909 


HR ( I ) ■ 3 • 

P 94 


194 

590 C 


CALCULATE 9 X Y 3 R N TANK BENDIN3 H8HENTS 

P95 


195 

990 


HB( I ) -3- 

P?6 


195 

500 C 


’CALCULATE FUEL TK THICKNESS REQUIRED DUE T9 JLT =R£S 

P97 


19 6 

900 


TF( I ) ■ F HCT ( I ) »3» • 5/FT J 

?9R 


196 

500 C 


CALCULATE 9 X Y TK THICKNESS REQUIRED DUE TB UlT “RES 

?99 


197 

900 


TBU J-9HCTI I ) »D» • 5/FT J 
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101 - 

- 

■ar ? - 

117*500 C 

11B . 100 

C Mr : < fuel. T< THICKNESS S SET ■ 9R GREATE* THAN TUN 
n ( T^ ( I ) * LT • T M I N ) TF ( I ) ■ TM I N 

CH r ^< aX v T K THir^NFS? & SET ■ ftR 3REATFR THAN TM-V 

-Jk 

101 - 

-A 2 - tJ k' V — ^ 

119000 

if (i9( n . lt-tmini) Tom«TMiN 

Tnu - 

1">9*500 C 

C*UOJL»TE JUT LIFT-9FF S 2ND STAGE AXIAL LOAD JSE 

in - 

ill. 600 c 

WWJO-ltVFR IS SREATER. 

**06 - 

390000 

A L 1 OAy9lT*FS*NXL 

•>07 - 

?01 .000 

AL?-X ei X03#F54N , X3 

1 n? - 

1 • 1 0 0 

al«al1 

4; 

i~i - 

111*^00 

If ( AL2.0T.ALl ) *L» *L2 

11- - 
Ml - 

Pil • 5po c 

CM rr< y A 913 1 N "f SAFETY F9R C9LUNN SUCKLING F9R 3*%'S 

903.655 c 

AMD *>I*L L8*P *ITN INTERNAL PRESSURE STABI LI Z*T I 9N 

•ail - 

04 000 

FR*T ■ • 5»D/TF t I ) 

in - 

305000 

FL Q R« < L-HC-H9-HN-HFX< 1 ) ) /( *5*D> 

114 - 

1 15 • IQ 0 

R>T«PR1T * 

M- * 

PQ7O00 

L > 5 ■ r L 9 3 

in - 

?0« • -QO 

Tx»Tr{ 1 ) 

M7 - 

30ROOO 

DPFl.FlJPPFS 

31 S - 

310000 

NX»MF ( I ) 

m - 

311 .000 

30 T9 70 

*a 1 n • 


3yT«mT 

1?1 - 

_ \ i * J J J 

31 1.000 

LV 3 ilu 9R 

133 - 

314 . 1QQ 

T X » T 3 ( I ) 

i?l - 

315000 

por*.qjppr5 

1J4 - 

?1 6 • 000 

*X»H9 f I ) 

1?5 * 

317000 

ALO. 

a?A - 

317.500 C- 

£URVE FIT 9F BPJHVJ'S 3RAPHS — 

1?7 - 

315.100 

70 IFr.HOT.l O) 39 T9 73 

1 - 

3 n * ooo 

A»7.34l?7*.?6 e|R 62»LXR 

i ? l - 

330000 

IF(uX3.iT..p6) 39 T9 71 

111 - 

3 R 1 OOO 

r«7.3*401+7.9175?*LXR 

HI ' 

333 000 

3*> TO 7i 

in - 

330.000 

71 IF(„XH.1T..5) 39 T9 7g 

ill - 

334.000 

p. 1.34145 

114 - 

335.000 

SO T9 71 . ... .. - 

ns - 

335. ooo 

7g r«i.6il*l-.59l76*LXR 

115 - 

337*000 

G*» T9 70 . ... . - - 

117 - 

33a OOO 

73 IP C_X».ST.4.0) 39 Te 74 

11 « - 

331 . OOO 

A •» . ir5?6-.671566»LX? — 

ill - 

310000 

"|F (L^ 3 *LT.3.0) 39 T9 7? 

14 1 • 

311 ooo 

7b r»*.?K*55-.21?134*LXR 

141 - 

313 . OOO 

30 T 4 71 

141 - 

311.000 

74 IF(.x3.0T.6O) 39 T 9 76 

14 1- 

314 . OOO 

*■5.616*5 

14 4 - 

3 1 5 . 0 Q 0 

-.9 T9 75 

145 - 

31 6000 

76 If (_X".3T.16*0) 39 T9 77 

146 - 

315.5Q0 

a.«..47?i?-*194B05»LXR 

14 7 - 

317000 

If (.XR.LT. s.O) 39 T9 75 

14 » - 

31* • ooo 

7 R r«».25ii6-.i33?75»LXR - 

141 - 

31100 0 

S H T9 71 

151 - 

34 Q.QO Q 

7 7_A ■ 5 « 1 4 Q 6 3 - • C 6 13 6 5 • LX3 — 

1 J 7. 

Ill * 

341 OOO 

CP TO 7* 

151 * 

343.000 

79 q-LXl/(-*624947*L*R-O074g7) 

151 - 

341000 

/ ( - • 6?6078*LXR“008016) 

154 - 

341.500 c 

C^ITIOAL STRESS CALCULATION 

155 - 

344000 

*0 FCRE- A#Q *T*0 

156 - 

345. ooo 

FT3.rCRF*r 

157 - 

946*000 

F°r~«f*rxt**3 

155 - 

?4 7 • OOO 

ppR.F^RE * r _ - • - — - 

~ 151 - 

347*500 C 

CORRECT FOR INTERVAL °RES$JRE STAB I Li 2 AT 1 9V 

ifl - 

94**000 

pyr-3RE5*RXT**?/E 
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- 

349030 



3r L 4x.pyr /{ 4*4 1 4 05 * PX Z ♦ * 60356 3 ) 



1A? 

- 

353000 



DLF:R»DELaX*E*TX/*50 



7^,7 

m 

? 5 1 « 7 77 



_ppY,iO^r2^ a 5 # 0/{2*#TX) 



164 

- 

353003 



pa. { rC9+3L r 03+^31) *2*9945l*D*TX 



365 

- 

253000 



0£L55»* 37660 1*°X£##* 21 0492 



7 66 

- 

354 . 330 



DLFlNOEL^*E*TX/( *50) 



367 

- 

255 « 030 



5 a • ( F3R + OLf^b+rPT )#.746l2»TX*D**2 



^6° 

- 

357#500 

C 


C A L0 JL ATE MARGIN 0F SAFETY AMD INCREASE T 

IF INADEQUATE 


Ihl 


p— ^ f 30 3 



1C 3. AL/° a+hx/MA 



R 71 

- 

357033 



ir(RC ; J*LT*1.0) 35 T 0 81 



371 

- 

?5 R • 000 



TX«TX**001 



177 

- 

353*030 



ryt.*50/tv 



373 

- 

353030 



3° TO «0 



374 

- 

341 OOO 


R1 

in^LOR-ED-L* 0 ) 39 T9 **2 



373 

. 

36 3 * 330 



IF(5L9R*Ea*LXR) 39 T9 83 




17 6 

- 

367*703 


*2 

TF ( I ) ■ T X 



377 

- 

347*530 

c 


SUN r JEL T A N< T * S F9R AVERAGE CALCULATION 



3 7 57 

- 

244*000 



TAF«TAF*TFU) 



773 

- 

365* n 33 



9 n 8T ■ * 5*0/T0 { I ) 



7 w 

- 

346*700 



9L«R»M9-h*X( 1 ) )/( *5*0) 



3 8 1 

m 

34 7 * 77 7 



33 T9 6 9 




7 '47 

- 

1 OX " hj — 

?*i R OD0 


Ti 

T*M I ) ■ T X 



333 

- 

2^«.5D0 

c 


SU^ 9 X Y TANK T'S F3R AVERAGE CALCULATION 



4 

- 

DO 



TA6.TA9+To( I ) 



335 

- 


c 


CALC r JEL T K CYL WALL WT ADD *005 T9 T F0R MATL TOLERANCE 


1« 6 

• 

?7DOOO 



,JF( T ) • ( TF( I ) ♦* "05 ) *3*1 4159*D** 1?5*WF*RW5 



7 e 7 

m 

P7 1 « 03 0 



-jryMjJpvxujrWTl .... — 





7 8 7 

- 

C/ X J J ^ 

371 *500 

c 


cal: fuel t< circumferential welds a 3*5 

WI-)E 


3 ? 3 

- 

373.000 



WL0 r ( 1 )« (TP( I )+O05)*3*14l59O*3*5#RHB 



737 

- 

373*703 



WLD r X-WLDFX+WLDF ( t ) 



3? 1 

- 

377*500 

c 


cal: 3 x y t< :yl wall wt ado *005 to t fsr 

HATL T9LERANCE 


770 

- 

374.770 



W 8 * ( I > • ( T9 ( I )+.005)*3*14159*D**125*N9*RH9 



7 77 


375*300 



_ W0X»W3X4W3 ( I .) - 



334 

- 

375* S30 

~c~ 


c*l: oxy t< circumferential welds * 3*5 

WIDE 


335 

- 

276*000 



WL03( I )■(!?( I )4.005)»3*14159*D#3*54RH9 

- 


33A 

- 

377*000 



4L09X»WL0 n X+WLD9( I ) 



797 

- 

377*300 


84 

CONTI NJE 



798 

- 

374*500 

c 


7EL5TE MID C I °C WELDS IF T< IS SHORT I*E* 

L8X AFT/FWD 


777 

. 

77 3 . 73 3_ 



TFf-l9.GT.-l-n 79 T9 85 




407 

- 

359 . 7 OO 



"wLD9T»“>LD f i< 1 ) ♦ w_ 0 9 ( 9 ) 



471 

- 

3St *700 



WL 7-T ■ wl gf x 



4 Q3 

• 

793.730 



30 T9 86 



403 

- 

391*700 


8b 

WL 09 T ■ WLO?X 



4^4 

- 

394 * 733 



WLO r T ■ *LDF ( 1 ) +W L Of (9) 



4 05 

_ 

PI 4*500 

J3_ 


RING ^ I N I N J M GAJGE 



4 76 


375*300 


~86~ 

’ A^IN«1 4. *TM I N 



403 

- 

375*500 

c 


AVERAGE FUEL TAN< T 



4 7 3 

- 

374*700 



A vrr »T Ar/9* 



4 77 

- 

396*500 

c 


AVERA 3 E 9 x Y G E Sl T AN< T 



41 7 

- 

357*777 



A V7T ■! A 9 /!• 



4 1 1 

m 

?9 2 * 500 

c_ 


r A l " vi. qr LONGITUDINAL WELDS BASED ELN _ 136 WIDE SHEET 



413 

m 

377*700 



CH» q *lM3 q O 



413 

- 

271*000 



39 ^7 I «1 , 103 



4 14 

- 

3)7*300 



5X« 1 5 1 -* » I 



415 

- 

211*000 



IF ( 3X.GT.CtR) 39 T9 S9 



416 

- 

373.770 


87 

C' 1 M T ! SJE 



4 1 7 

m 

PI 1 . 000 

77 

3 r 3»3X/156* 



2. 1 1 
413 

- 

371*500 

c 


C*LCJt*TE InTF^-TAMK 3ECTI9N ►/EIGHT 



413 

- 

374.000 



TINT-T9I 1 ) 



4 ?7 

• 

315*000 



IF(T5(1 1 •LT.TF(9) ) TIMT»TF(9J 



421 

- 

304*700 



WINT«{ 3* 141 59#D + 3*5*SE3)» (TINT ^.005)8(2* *HR4. l C9NJ*RH» 
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4PP 

- 

P77O30 


I F ( 7L<*0*E 0* 1 *0 ) W I NT« D • 

" 4?7 

- 

P78OD0 C 


CALCJLATc rjEL T< L9N3ITJDINAL WELD WEIGHT 

4 P 4 

• 

773 030 


j_> L3 F«-|r<s£G»3.5»L A\/rT + . 0Q5 1 »RH5 

4?G 

- 

301 OOO 


irT7L<HD.r'D.1.0) LWLD r »HH#5E3*3.5MAVFT + .005)#9H5 

4?5 

. 

77JO00 c 


C* LCJLATE 7XY r < L8N3I TUOINAL WELD WEIGHT 

4 P 7 

- 

733000 


L^L7 9«-I7*3EG*7.5*( A V3 T+ • 005 ) *9H9 

4 ? q 

- 

30? *500 C 


AFT rjr u 5LKHD THICKNESS 

4?7 

• 

703.700 


TAr^«PFDO^P/( p ** r TU) 

4 ^ "1 


304 .700 


ir(TA=~3,(_j.T^TNl TAFB"T , iIN — 

4?1 


774.500 C 


*FT p JEL ?L<H1 9IM3 A?E* SIZED FBR ELASTIC STABILITY 

47P 

. 

703000 


■vj/ir^.(PrD3^»3/P.)»SIN(30./57.295B) 

4 ? 7 

- 

375.700 


AArp.(NArp#{.q#^j#*3/(3.*E))* # »5 

4 '4 4 

- 

307000 


1 r ( k ATP • LT * AM I vj ) AAF7»AMIN 

473 

- 

377.500 C 


A ^ T 3 Y Y «L<H3 THICKNEp c 

4 T4 


70** * 700 


TA'J9.P10B1*R/(2.»FTU1 — 

437 

• 

7^0.700 


~ IF ( TA1M.UT. T H T 4.) > TABB'TMIM 

471 


703.500 C 


AFT D-<Y 9l<H 0 9 1 Ml AREA SIZED FOR ELASTIC STABILITY 

4 77 

• 

113000 


MA!)7«(P77 , ^*7/?. ) #S IN ( 30 • /57* 2958 ) 

4 43 


111 OOO 



44 1 


11?. 000 


IF(AA37.LT*A7!M) A A3P« AMI N 

44 P 


71 P.500 C 


FO FJEL 9L<0 TMICKMISS, 

44 7 


•>13.000 


TFFt«pjlLF«*p/ ( ?• *FTU) 

4 44 


71 4 . 700 


I^tT-PB-LT.TYTM) TFF9-TMIN 

4 4 ^ 


114.501 C 


FO FJtL 9L<0 9IM3 AREA SIZED FOR ELASTIC STABILITY 

4 4'* 


715.300 


MT fp» ( P:ILL r *7/?. ) *5 IN ( 30. /57« 2958 ) 

447 


715000 


Afrrp«(vrrp*{.50)#*3/(7.#E))*«»5 

4 4^ 


71 7.300 


IM ATPP.LT. AMIN) A FFR • A M I N 

447 


■>1 7 • R 00 c 


WEIGHT pf AFT *XY 9L<HD#9ING AMD WELD 

4 S3 


714.000 


WA 33- ( TA^i* . 0 05 ) *2* *3* 14159*9*HP*»W9 

451 


313. 700 


WARPO.lAlTg^^M^AA^P 

4 5 P 


730*000 


(TA334.005) *3» 141 59* ( • 333»R*SEG+D ) 

457 


3P7.500 C 


^rj-.RT IF AFT FJEL BL<M0#RIM3 AMD JELD 

4 54 


371000 


_W A c 3 • l T A FI ♦ . DOS ) • 2 4*3 .• 1 415 ? * 9 »MS*FMQ 

ij ; 


7PP • 700 


^Arp«3.i4i59 # D#PH8*AAFP 

4 


7P3.700 


Waf w-hh 4 * *7 • 5* ( T A r 7 + .005 ) *3* HI 59* < • 333*R*SEG+ D 1 

437 


733.400 C 


WEIGHT 7 F ^ r * D FJEL BL<HD#RlN3 AND WELD 



7P4 . 700 


^pn,(Tr^*, DOS )*P.#3*141S a *9»HQ#RHB _ - — 

4 37 


7P5OD0 


^FCp«7.i4l59»D»PH9»AFFP 

4 5 7 


7Pf • 000 


WFF w* P hh #p . 5* f TFF3 4.005 ) «3» 1 »1 59» < • 333»R»S£G+0 j 

451 


7P 7 * 700 


— IF (1LAHDOD. 1 *0 ) 39 T 3 90 

4 f 7 


•pp a , 000 


91 T9 91 ... - 

457 


7P4.500 C 


r t m ^ 5 v 1L<10 T-3A? BASED 6 M REVFRSE FUEL ULLAGE 

454 


3P«*500 C 


P cr “S J°E AMD IS3-3RID YATL* 

4 4'> 


7P3.000 

90 

TCFl.f 00051 A* ( 0000205* r eoiES) )*R 

4 44 


7P3.400 C 


^riHT iF CBYMBM FUEL PL<HD AMD WELD 

447 


730000 


’WC C 7«T C r ?*? . *7*141 59*P*‘HR*PH5 

4 5* 


771 • 000 


WCF/f*PM7#p.5*TCPB»3.l4l59»{ * 333*R*SEG*D ) 

' 4 4 7 


771 -SOO C 


C L4r-< wITh AFT 8 X Y 8L<HD TENSION L9AD REQMTS 

477 


77POOO 


IF ( wEFa.LT.wAPB) WCFB-WAB* 

4 71 


733000 


IF (WCFw.LT.WA ft wl) WCFW«WAB^ 

477 


774.000 


WFT3«^ CF9 

477 


115000 


jftjw/ctrti 

474 


115000 


p A °> 4 » 7 . - — — - 

4 75 


” 117000 


WA73-0. 

474 


11*. OOO 


WFFp.,A7R 

477 


119000 


WA^P-D. 

4 73 


•>19*500 c 


AND PAIRING ANALYSIS 

473 


14 0 000 

91 

IF(9L<HD.3T.2.0) 39 T3 92 

487 


940*500 C 


jpp COME w*LL THIC<ME3S 

481 


341 OOO 


T'JCM* P JLL0»B9/FTU 

4*P 


143000 


IFITJCM.lt. T*IIM) T UCM* TM1N — - 
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4 «3 


P4P.500 c 

4 8 4 


343000 

4R3 


344*000 

<*RA 


344*500 C 

4 B7 


345000 

4 ? 8 


345*000 I 

4 8P 


347*000 

401 


34 « * 000 

491 


349*500 C 

4 n P 


349*000 

4 PP 


350.000 

"404 


351 OOO 

j +05 


351*500 C 

4^5 


352.000 

4Q7 


353000 

4PR 


354000 

l*ni 


353.000 

SO 3 


355-00 C 

5M 


355*000 

c; /* p 


357*000 

= " ”3 


35 8 O0 0 

PC'* 


353.000 

sp s 


35OOOO 

‘ SOS 


350-500 C 

SP7 


350-00 C 



351 *000 9? 

sop 


352-000 

31 0 


353.500 c 1 

31 1 


353000 

SIP 


354 O00 



355.000 c 

^ 1 '♦ 


370*000 

s 1 S 


371 -POO 

SIS 


372*000 

S 1 7 


379000 

31* 


373.500 C 

-n 


374000 

SPP 


375*000 

SPI 


375000 

spp 


377000 

B?P 


374*^00 

S P 4 


37H.S00 C 

3PS 


373*000 

s?s 


350*000 

^?7 


391 .000 



392*000 

SPP 


332*500 C 

SPP 


333000 91 

331 


334.000 

3 3 p 


335*300 

373 


395-500 C 

S7r 


~335O0D 

S3S 


387000 

S3A 


337.500 C 

S 3 7 


337.500 C 

S 3 3 


339000 

33P 


383*000 

'43 


“^3 ?.~O0 

341 


330*000 

5 4 P 


331000 

S 4 3 


332000 


CVD 9>Y Bl<HD HIOCMESS 

ircrr^^.ti.T^TV) IF33-TMJN 

"FWD 3 * Y RL<wj RIN1 ARi A SIZED FOR ELASTIC STABILITY 
NF93 «asS{ { 3 ULL8/2* )*(9p*5IN(90*/57*2958)-*5*5D*TAN(ThETA/ 
A57.P938 ) ) ) 

A r 9 3 ■ { Mr 9 v # { *5*9D)**3/I3 ## E) ) * * • 5 
aF0R«AMJN 

WEIGHT 3F_fwD 3 X Y BL <MD * R I ViG AMD YE_L.P 

"wF^p.P. 14 1 59*5 3*9 -j 3 # A r 3 R 
w r53»{TFOP+.005 ) #?. *3* 1 4159*9R*H9R»RH9 
> /F9.f»F'O*3*5*(TF53 + OD5)*3tl4l59*<»333*9R*SE3 + l 0} 

9F r*D TAHIN3 USIN3 minimum GAUjE p LJS ^ELDS 
A { jmjn+005) »3* 14159* ( 2* *NR*HN+ ( •SMD** 5*ND) * 

5J M^-srq)«»?»(*5» 9Q-»5»ND)»»2)»»«51_ 


rfFAd» p H9#3.5» < TMIN+OD5 ) *< 3*1M59*ND + SEG* MC-HC9 > /■ 
5C 0 S(rHETA/57*?958> ) 

rfEll-lT OF c-^o C 3N2 BXY T A N< aIALL AND k'ELDS 
wrOM» 3 ^3*3* 1 4 159*»5*( <TUCN+005)*9D+<T9(9)*005>*D)*HC9/ 
5C p S(TMETA/57*?953) 

W f3vjd«RMO*3.5*( ( ( TUCN+T3 ( 9) )»>5*«035)»S E G > HC^/C35(THrTA/ 


k57.P35 a )0*l4l59*( T UC nJ ♦ * 005 ) *9D) 

10 T9 ?3 

ALTERNATE F*iO SECTI9SJ k'lTH^UT FAIRING 
no 9 * Y ^L<HD T-n:<NE3S 
TFOS.P'JLL^* • 5*ND/( 2 ** r TU j 

IF(TF9B.LT*T^IN) TF93-TMIN 

" J P 9 C QV JE /'ALL 'THICKNESS 
T'JCN» p JLL** • 5*ND/FTU 
I r (TJCN#LT*TYIN) TUCN-TMIN , 

FWD 9 ^ Y BL<HD R I N 3 AREA SIZED FQR ELASTIC STABILITY 
MF 03»AR5 ( ( ^ULLV?* ) *( • 5«ND«$I N ( 30« ^57* 2958 ) • t5*ND*TAN( 

£TMr T A/57*P358n) _ 

AF f iR«(\r^*(,5#\oj##3/(3**E>)***5 

ir{AfMQ,LT«AY!NJ) AFBR-AHIN 

►'EIGHT p F F wD 9XY BLKHD#RIN1 AND WELD 

^r9PnP«14i59*ND*RH9*AF9R 

w rOP«PHO#(TF9P*OD5)*2* # 3*14l59*< *5*ND) **? 

4 r 9 4 m * H 9 * 9 • 5 * { T F 5 9 ♦ • 0 D 5 ) * 3 • J _4 1 5 9 * N D 

rfFATRO* 

W F A J ■ 0 • 

^E 1 3H T 9 F F W D C3NE 9X Y TAN< HALL AND HELDS 
rfr9N»RH9*q. 1*1S9»*5*<< TUCN**D05)*ND+( T9{ 9) ♦•005) *D>*HC/ 
SC f >S( rsETA/57.0958) 

HC9NH«RH0*3.5*( ( < TUCN+TO ( 9 ) )_*^*5**0D5 ) »SE G»HC/CB5( THETA/ 
~&S7.P959)+3.14l59*i TUC N + • 005 ) *ND ) 

FO C^NE/CYL P ING AREA SIZED FOR ELASTIC STABILITY 
J NCCR-OHCTf 9 > * ( «5*D) *TAN < THETA/57*295»> /?• 
ArCR*(N:C^*(*?*D)**3/<9**E))*»»5 
IF(aCCH*LT*AMJN) accr* ami n 

HE I 3-1 T OF FwD C3NE/CYL RJ N 3 A N _D_ WELDS 

WCCR-3*14i59*D*^M3*ACC^ 

HCCH"3*t 41 59*^*940* (T9 < 9) *OD5) *3*5 

WEI3MT OF H I ST STR COMPONENTS; JM9 I L I CAL PANELS; 

TUNNELI AND BAFFLES 
JMB»NL«300* 

TUNN£L*?10* *L / 1_69 A • 

I F ( B L < ^ D* 3 T • i .0) T JNNEL*AA6* 

RAFr.OM H^ + HCO )/343* 

IF { Sl<HD« 3T« 2* ) 3AFFO* < HB + HC ) /343* 

IF(H5*GT«HH) RAFF.D*HF/3a3. 
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TABLE 4.20-1 

PROGRAM LISTING (Continued) 


544 

- 

137033 

C 

STOJCTIRAL WEIGHT SU9T9T *LS 


- 

111030 


noi^P«4Fl1 + ^r4 9 + ^F9W 

54f 

- 

in.noo 


r’i'i^r.T«>ic c tM+wr9'Jw»wcc?4.wcq:r( 

547 

- 

19 5 000 


CVLSCT.W9x^/Ln?T4'LWLD9 

54* 

- 

Ilf 003 



50 

- 

717030 


rwHK.P/i^HLE^CPMSCT'fCTLSCT.APTBLF 


- 

imooo 


F'OIL' •WFF3 + -/FF3«MFFW 

=*5l 

- 

111*300 


AFTOYL-^Fx+wLOFT+L^LOF 

55 ? 

• 

03 00 3 


AFTl^A.WAFI + ^Ar^ + ^AFi"/ 


- 

<Ot ODD 


AFT>J<«F^r)^ L A + AFTCYL^AFT 0 LA 

554 

- 

431030 


\JlS r AP»WFA IP + OAW 

555 

- 

40 3 03 3 

C 

GET 3 . 9 . 0 . iREOEFlNJE U/D 

5fT5 

- 

41 3030 


3«3+?.*< 

5 57 

• 

411 •'100 


L c >3»«/3 

5 P 4 

• 

411033 

c 

CA|_CJIATF INDUCED ENVI5N P99T WITH 10X M9N-9=T 

s r o 

- 

4 1 1 • 53 3 

r 

I MT -1 TAVU T 3 S 


- 

4P3*333 


TE>c;|vj.( (?. •hR + LCJN )*3» 191590* !*JTPS/l99.)*l. 10 

5 * 1 

- 

413.533 

C 

\jngr FAIRING TPS 

5f 7 

- 

411033 


TPc;ca. 3 . U159». 5*( UCT 3 S*'ID*LCTPS*9a)*tHC-HC0)/ 

551 

- 

411*330 


MC93I THETa/57. 2959) *199* ) 

5*4 

- 

471030 

c 

VjP^r r A p T D S 

5*5 

- 

411*300 


TpsvJC*NCTP5*3*14159*2* *NR*MN/144* 

5** 

• 

474003 


IF (54.gt«mH) 19 T9 97 . 

5 *7 

• 

474.403 

c 

FO TPS 

5*5 

• 

4 4030 

c 

AFT OOHF JOS 

SAT 

• 

475.333 


TF13^.3YTpS*?** 3* 1 4l53*l*H9/!44* 

577 

- 

475.533 

c 

AFT 3YLTN0EF TPS 

Tt 7 1 

- 

" 475033 


TFSEV.3. 1 9159»G*HP*CTTDS/199. 

577 

- 

477030 


T p SONO. 

571 

- 

47*030 


tp<?:jo* 

574 

- 

479033 


IF ( 3L<HD.ri. 1 . ) G9 T9 99 . 

5 75 

• 

413*330 


"t T 9 95 

5 75 

- 

413*503 

c 

AFT CYLI'OEP T p S F9R C9MM9N BLKWD CASE 

~77~ 

- 

"T7IV033' 


99 T D S;Y«3. 19l59=5*HH*CYT p S/194. 

5 7* 

- 

4 1 ? • 330 


Tfsjm.o. _ 

"71 

- 

411030 


35 I F ( *l<H->« :,T . 2. ) G9 T9 96 

5» o 

- 

414030 


3 M T9 131 


- 

415000 


96 TP3FA.G. 

^ Q ? 

- 

415 030 


TP9\|CO. 

5*1 

- 

417*300" 


g« T 9 ni 

5R4 

- 

417.403 

c 

AFT T=s 


• 

417.533 

c 

F-O C9VE T = S 

5 *5 

- 

414003 


37 TF’GC'JO* 19159*. 5*( LCT a S*90*CYTPS*D > *HC9/ 

347 

- 

411003 


S(C93( THFTa/57. 2959) *199* ) 

s«« 

- 

414*500 

_c_ 

FwO CTLIMOER T p S 

TTF 

- 

443*030 


TPSCJ-1* 1 41 59"*CYTpS*3*H9/144« 

511 

- 

441 • 100 


T P S3 M * 3 * 

-It 

- 

447.333 


T P 53Y* 3* 

5^7 

- 

44 1033 


IF ( r_<o.ro.l. ) 39 T9 15 

3?1 

- 

444 033 


33 TO 11 

514 

- 

445*033 


45 T p STM»3* 

5 4 5 

__ 

445*330 


19 JM1l<HOOT.?.) 39 T9 100 

sa; 

- 

447.133 


3*> T 9 131 

* =37 


447.503 

c 

alT“1'yATE FwO SECTION I TH9UT FAILING 


- 

44*000 


133 TP$ r A * 0 * . . 

5^1 


441030 


T P 5NC • 3 * 

5 33 

- 

441*533 

j:_ 

r*0 CfNE Tos 


- 

“4o3*00^ 


TPSC^*3.i9159..5*( UCT=S*HD+LCTPS*0>*HC/ 

*07 

- 

451 *130 


S(C9G( THETA/57. 2959) *199. ) 

" fy 07 


451*530 

c 

T P S WEIGHT SJPT9T9LS WITH 10* *J0M-9PT I HUH 

<04 

- 

45 ? • 33 0 


101 F»ITT> (TP^FA+TPSNC)*1.10 
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TABLE 4.20-1 

PROGRAM LISTING (Continued) 


^rr> 


4 3 3 

000 



aoa 


454 

000 



‘07 


4?5 

000 



A7R 


45S 

ADO 

c 


ADP 


455 

‘00 

c 


‘10 


45 5 

000 



Ml 


^57 

000 



M 5 


457 

AQO 

c 


All 



-OO.Q- 



Al4 


4 AO 

000 



Mn 


4 A 1 

000 



M*> 


4 A P 

000 



A 1 7 


4 A 3 

000 



Ain 


4A3 

500 

c 


Ain 


4A3 

A00 

c 


A?”* 


4 A 3 

700 

c 


A?1 


4 A 4 

000 



A?? 


4 A 5 

000 



API 


4 A 5 

500 

c 


A?4 


4S5 

A 0 0 

c 


AP- 


A A 

000 



A P '> 


4 A 7 

000 



A?7 


'♦A? 

100 



A ? 3 


4 A 7 

300 



.A?"* 


4 A 7 

300 



a?o 


4 A 7 

400 


130 

All 


4 A 7_ 

3og_ 



A1P 


4 A 7 

‘00 



A33 


4 A 7 

700 

c 


A34 


4 A 7 

«oo 

c 


A3” 


4 A R 

000 


131 

‘ 3A 


4 A 3 

^00 



A 3 7 


4 A 3 

500 

c 


A37 


4A* 

‘00 

c 


A 3 p 


477 

000 



a<*o 


471 

000 



A 4 1 


47? 

000 



A4P 


473 

000 



A43 


474 

000 



A44 


~475 

00 0 



A 4 n 


47 A 

poo 



A 4 A 


477 

000 



A 4 7 


4 7 3 

000 



A 4 3 


473 

000 



A 4 P 


430 

000 



Asn 


4R7 

500 

”(T 


AS t 


431 

POO 



A A ^ 


4?P 

000 



A 5 3 


4R ? 

500 

c 


A A 4 


433 

000 



A 53 


_4*3 

500. 

c 


AAA 


4« 3 

AOO 

c 


A 57 


4 K 3 

7 00 

c 


A^3 


4 3 4 

000 



A5P 


4R4 

500 

c 


A An 


4 R 5 

000 



A A 1 


4 3 A 

000 



A6 P 


4^7 

000 



A A3 


40 R 

000 



A A4 

- 

4 R R 

500 

c 


Af =5 

- 

4R3 

000 




FrcT D s*(TPscN*T=scii)«i.io 

acv 7 ' 1 «(TpsDm*toscy)*i.io 

.T* < T?5 , T 3 SlNf 13I*fCCIgS * AC Y3M 

INTERSTAGE ANALYSIS 

LR.3PACE BETWEEN 399STER ATTACH POINTS 
L r '"HH*LC0NI*HP + H3 
IF (3L<HD*ED«1* ) L3-HH+H? 

BOOSTER INDUCED M9HENT AND REACTIONS 
_M5. ( THR?L/NN)»C 


S-(ThBFL/NN)»STN(CANT/57*295«)»27» 

rs« ( ma/lr ) *fs 

Rs. ( (THBSL/NN)»3IN(CANT/57.295B)-R6)»FS 
R^-l (THBSL/.NN)*C5S(CANT/b7.8R58!-B3L8w/NN)*FS 
GENERALIZED WT E3 F0R RING C*PS#WE3S AND E>EAh 
_CA_ es, , rRS(.g» «FTJ KN9C< DORN FACTOR FPR CBMP STA3 
•T1?5*FTU Fp:? SHEAR ALLOWABLE) 

w IT.(?h9.i.1D/(2.»FTJ) )*<3.1M59*(D/*?<h-40./.3125> 
S*D**2/(40.*.94)+D/»31?5> 

WF I SHT OF BOOSTER ATTACH RIN3S-CHECK A3 A I NST BL<HD 
R I NTS AND ADD INTERSTAGE BEEF-UP REQHTS 

_WS. HIT .NN*R6_ 

>W) T *NN*R5 


BN ORBITER 


W5. 

IFU6.5T./CCR) WS-W6-HCCR 
IFIW6.3T.aCCR) 39 TO 130 

WS a D • 

IFU5.GT.aAFR) W5.W5-WAFR 

_l F ( A5 • "T . „ AFRL 3 9 T9 131 

W 5 ■ D • 

ADD SEPARATE 0R3ITER ATTACH R1N3S BASED 
REACTION LOADS F93«i 9RB l TER MODULE 
rtP»WlT.R2..71A 
A I • Wl T *R 1 • ? • D55 

ADD 3 = ECIAL INCREHENTS F 3r SWA V BRACES D9U3LFRS 
D°*S LINK’S AND fitTINJS-ADD 1DX STR N0N-9PT 
AS L ■ 4 5 • 

ASB* ( R 1 • 1 £ « * ( • 5*D» • 5774 ). *p/ (E*3» 1*1 59**2 )>••* 5 
WSb»ASs*.s»D».5774*RH3.2«*1.34*1.05 
WSF.?.2B4.(R6*3./(.3125*FTJ))*.1.5*2. *RH9*1 <10 
AFD JB» 1 50. «.5>3. 14 1B9»D»RH9». 071*1.10 


WDRA3».5*1D0.»RH9»1.13*(NN*R34RL)/I «94*FTU) 

A a d JB.1DD. ..5*3. 14159«D»RH9*.055*1 • 10 

W9LL-R2»39.*2.»RH9*1.34*1.10/FTJ 

ASL3*35« 

ASLF.55. 

W « L L ■ R 5 • 1 • 5 • 7 s . # 4 • * R H 3* 1 • 3 4*1* 10/FjU 

total INTFRSTA3E WEIGHT 

TU'INT" wF+, 5*W? + a1 + aSL4aS3 + WSF4WFD'J3*WdRaG + WADUB 
5*w9_l*ASLS*ASLF*W3LL 
T»T.\l STRjCTJRE WEIGHT 

39DsR :5 «fadT<+WINT*AFTNK+N9SFARaTWINT+UHbPNL+TUNNEL*BAFF 

ouapfluant STSJEN5~BA 3 ED_6_N_J>EIA I L _P3 LN T_ __D£_S l 

SCALING Laas F9R 0RB t TER ENGINE FL9W RATE/MJXTJRE 

RATIO AND TANK DIMENSIONS 

IF < 3L < hd . r,T • 1 .0) 30 TO 103 

COMMON BLKHD INTERNAL L9X LIRE 

0AVENT.5A4. 

HVEnT«4P7. 

= NE J« P5. 5*30 •5*L/li9~4. 

IF(HO.QT.HH) GO T9 102 

L ^ X FSPAARD 

9TPRES«12?.*109**L71634. 
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A *6 - 

490000 

667 - 

431 . 000 

AA” - 

499QQP 

^69 - 

433.000 

670 - 

494.000 

A 7 t - 

434.500 c 

672 - 

495*000 

673 - 

496.000 

674 - 

Jt37_s.03.Q- 

676 - 

49* • 930 

A 76 - 

49 3. 930 

677 - 

600000 

*.73 - 

503*500 C 

6 79 - 

501*000 

An - 

302000- 

1 - 

639 • 090 

AH? • 

504*000 

633 - 

595*900 

6*4 " 

508*009 

6P6 - 

607.000 

AHA - 

537 • 593 

6*7 * 

50* *o5o 

6RR - 

5 9 a • 0 0 0 

6H 9 - 

510*000 

699 - 

511 .000 

691 - 

^ 1 3 • 90 0 

4,Q? • 

61?* 600 . 

693 - 

51 3. 090 

6^4 - 

514* 900 

AP6 - 

515*000 

6 96 • 

*1 A. 000 

6^7 - 

51 7090 

69* - 

_512.*.53lQ- 

699 • 

61**900 

700 - 

513*000 

701 - 

539 . 000 

709 - 

521*000 

703 - 

5 3 ?O90 

704 - 

5? 3 * 9 0 0 _ 

796 - 

534 ,090 

706 " 

525*000 

707 - 

526*930 

703 - 

537*000 

703 - 

52*000 

710 - 

59 3000. 

711 * 

539000 

713 - 

531*000 

713 - 

531 • 500 

714 - 

632*300 

71 t - 

637*000 

716 - 

53 3 * 500 

717 - 

634000 

. .. ___71* - 

535*000 

713 - 

6 ?6* 900 

720 - 

537.000 

721 - 

537*500 

72? - 

53 * * 00 0 _ 

723 - 

>539.000 

724 - 

. . 539.500 

725 • 

543.000 

726 - 

541000 


5yrrn« ( l a *5 + *01222*Hn *9FL®*Y # **5 

«4F EE O • < ? 1 • 5 9 9) OF L5 MX.«JU5 

3X«.5» < 7. + * 33OFL0WY**‘5) 

3 q T9 135 
L9* AFT 

1D2 3ys>^ES"12?* + l09«*HF/1694* 

«3 yf'*: ■ ( i 9. 5+- *01 222** 5*9) *5FL5WX**«5 
_H?PES«61» ♦ S3*JiL/S3At- 


MFEE3- { 31 • 59 + • 031 76HF) *3FLS*Y** • 5 
PX-.5* ( 7*+*76*5FL9WY***5) 

39 T9 105 . 

5 rpA3ATE p.LKHDS EXTERNAL LSX LINES 

133 p N2 J* r 5 • 5+ 1 8 • 5 *L /I 4 7 0* 

W JC<T ■ 0 * — 

3X0* 

9XVENT «5?2* 

*4CIP»‘*«+100**9/314« 

6VENT-622* 

J F ( -|?.3T*HH) R9 T9 10** 

_ L°y c ? p*i ap} _ 


19* 


105 


9XP3ES*1?H* + 1^2 ,# L''1* 7 3* 

3vpEiO-( 1«* 1 + 01 465 *MH + LC5N) )*eFi_9WY#**5 

H ppr5«fq. + n5 # #HM/703* 

^FEEO* ( 3 A. 21 + • 01333*0 ) +0FL9WX#* *5 
3 q T9 106 

AFT _ — - — - — 

^yo:?rc;«l?-*+192***H/l 47 9* 

5*Frrp«( ls # 1 +*01 465* • 50) *9FLBWX***5 
-jPP-S a AO . 4 1 1 5 • *L /7 03* 

np-rrj. c?4.?l + .01333*H L l+LC9N) )*BFL9wY»*.5 

r.q J ^ 1 3 A 

rriMv^v 9L<HD-.OI£3NM— L IN E . JACKE^T-ilM OFP EXTE3N A1 — &R£S. 
TT* a * t FMCT < 9) *10* + *X**1 *5/ (E** 8P15? > > *• •* 

|F(TT°P*LT*TNIN)TT0°*TNIN - 

T«9T*<FHCT( 1 )*10**PX+*1 *5/(E**88l57) )***4 
IF(T9 r T-LT-TYIN) TB9T-TMIN 

W { .5* ( TT0O+T59T) +.005) *3* 1 4159*2* *RX*1 *?5 

&#w-n* ( -4P-130.O — — r 

Tlj pp.( FhCT(9)*10**(RX+3* >**1*5/<E**88157) )*•#* 

TF< tjp=?«LT*TYIN J TJPR»T^IN 

j La j 3«(FHCT(1 )*10**(PX+3*)**l*5/(E**88l57) )**•*► 

I F < TL' ^ • LT •T'MN ) TLWR»T*IN - - 

*/ENn» < T JPR+TLWP+* 01 )*50**3* 1^1 59* ( RX + 3* >*2* 

_V»1 *?5*RH5 


108 


W JC<T • 1 • 1 0* < W JACK*. WEN 0) 

I 3 »C* 

sqs: ?3RO SY? C9NP0NENTSJ SJN°# PUSYS 
P05Y5* 1 «5. 

_3pr>3£LLAVT SYSTL^S_.SJ3T.9IALS 

r E0^ y ?*9^ p 220 + t * r EE0 + WJCKT + NCI9 
pRSVNT«MPpES+HVENT+0X p RE5+0XVENT 

p M p j« 3 NE U + P USYS 

PP9qY5»FE0SYS+P9SVNT+ 3 NPJ+SUNP 
E ST I MATEO TANK I 

X I \E=?T-xD 3y + 9ESIDT 

3ETR9 POCKET SIZING 

OELX» p yP ( 3 ETOV/< 3?* l7*RET ISP) ) - 1* 

WR D 39 P ■ X I NERT#OELX/ 1 1 • - < 1 *+BJP )#*385 # 0ElX) 


SYS CALCULATION 


4-49 


/VfCDO/V/VELL 


DOUGL4S 4STOO/V4UT#CS COMP4A/V- EAST 


DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


TABLE 4.20-1 

PROGRAM LISTING (Continued) 


7 p 7 

- 

54? 

?33 


• i*5*^9Pt?0P 

7P<< 

- 

54 P 

530 

c 

TA\j< rj?T?TAL 03Y ^EIIHT 

??-> 

- 

543 

330- 


5U5?PY«?5??P34.T8TP e l*® : ? e l? : 5YS*Ai/I.8M4 > MISC*-JSET^fl 

73^ 

- 

54? 

530 

c 

^t?'»jT-i/'!INC£RTA|v4TY AS PERCENT 9R DELTA T9 A rlXED 

731 

- 

543 

630 

c 

DRY W£ I 3H T 

7 3? 

- 

544 

300 


J 3 0PY*?U 3 

7^7 

- 

545 

300 


IFfrJOWT.ST/O* ) GU-FIXDWT-SJBDRY 

774 

- 

54 5 

500 

c 

T*\< T9 T A (_ DRV WEIGHT 

777 

• 

54* 

-330 


3PYWT ■5JR?PY + (?(J 

77* 

- 

546 

600 

c 

TAVJ< T?TAl inf^t height 

737 

- 

54 7 

000 


INERTORY'JT + RESIDT 

7 3 3 

- 

547 

500 

c 

EXTERNAL TANK GR9SS WEIGHT 

7 3? 

- 

548 

000 


39355-* »]NF9T + PR3P9 

74? 

- 

54 H 

500 

c 

EXTERNAL TANK HASS FRACTION 

741 

• 

54? 

?on 


LA133A ■PP?°ft /GR8SS4I 

7 4 P 

- 

55? 

000 

c 


743 

- 

551 

000 

c 


74 4 

- 

55 p 

ODD 

c 

THH C*NCLJDE9 THE SIZING LOGIC THE Foll9wIN3 ARE 

74 = 

- 

557 

000 

c 

9tJT=> JT ^PITE AN3 F99MAT STATEMENTS 

744 

- 

554 

000 

c 


747 

. 

—555 

33 3- 

£_ 


7 4 5 

- 

556 

000 


IF( AFT.GT.D* ) WRITE(10B»959) 

747 

- 

557 

000 


iriACTtOTtO*) G3 T 3 1?1 

7*? 

- 

55« 

030 


/9IT5(l?8i 960) 

7b 1 

- 

6 33 

000 


121 WRJTE! 1 OR ,901 J9X 1 0 » FUEL* 9START/FsTART,9 S HUT»rsHjT» FEEDS/ 

75? 

- 

631 

000 


9CHILL/FCHILL#9^NG/FENG/FBIAS#9DRAIN#F5R*I N,9PRESS, 

753 

• 

JijI 

03CL 


«.FPur3g,v|q/q XL ,M3> 1 rUL,9ALLBW/PALLB'W«MAX9XL/ > 1AXFJL/39EL3W/ .. 

754 

- 

*33 

000 


S F P c 9 ' #hax9IT, m AXFIT/ 3XV5L#FJV0L#T5VFL*TFVFL.0IS 3 VF,T9VFL 

755 

- 

*34 

000 


s* tfvi t 

75* 

• 

A 05 

030 


W^ITEt l?»/?02) 

757 

- 

636 

330 


I r (TL*HO»E0»l«)*RITE(l 09/903) 

753 

• 

*37 

000 


IFHlHO.EO.?. ) WR I TE< 108/90*) 

757 

- 

-63? 

300 


I F ( 3LH0 «E2 * 3.?J.W.RLT.L( 1 D 81 SD 5 ) .. . 

76? 

- 

63? 

300 


WRITE! 109.906)L/0/L0D»R/HR 

761 

- 

613 

300 


I r (3L<-0* 3T.2. ) G3 T9 40 

7* p 

- 

M 1 

000 


WRITE! 1?»,907)NR,9R/90,H9R,HC0 

763 

- 

61? 

000 


40 W°ITE( 109,308) NO/ THETA/ HC/LC9N/ H9/ HH* K/ LA/ UPER9, JPERF, 

7*4 

- 

613 

000 


S9XY'.£'/ FiJV L F 

765 

- 

_*U* 

03 Q_ 


«H t T- ( 1 0*. PRO ) . . _ ... .. 

76* 

- 

61 5 

?00 


IF(GL<W>*E')*1* ) G9 T9 no 

767 

- 

616 

330 


3 q T? Ill 

76° 

- 

*17 

300 


110 IFH3.GT.-H) G9 T3 114 

76? 

- 

61? 

000 


WRITE! 10**951 ) 

77? 

- 

61 p 

030 


3° T* 1?0 

771_ 

- 

*?o 

000 


111 IF! 9L<H0.PD.3. 1 GO T9 112 

7 7 p 

- 

6 ? 1 

000 


39 T 3 113 

77? 

- 

6?? 

000 


11? WRITE! 109.955) 

774 

- 

6 ? 3 

^00 


113 IFI-I9.GT.H-I) 09 T9 115 

775 

- 

* ? 4 

000 


WRITE! 10*, 953) 

77* 

- 

6?5 

^00 


3* TO IPO 

777 

- 

*? * 

300 


11* WRITE! 10*, 95?) . . 

77°« 

- 

6 ? 7 

?00 


3* T9 l?0 

77T 

- 

*p« 

300 


115 WRITE! 10*. 95*) 

7«? 

- 

* ? 3 

300 


1?0 wRI TE (1 09.956 )990 jRP/ T 9TPS, F WOT</ F A I RT/ FWDBLC / FC0T°S, 

7«1 

- 

633 

?00 


'SC?'ISCT/TP3IN/CYLSCT/A:yDH,afT3LF/WINT/PR9SYS, AFTN</ 

7«p 

• 

631 

330 


5FE03Y?,Fw’09LA,PRSYNT 

7 m 

- 

63P 

030 


f! R I T E ( 1 0 *, 957)AFTCYL/3JHP/AFT9LA/PNRU/TWINT/N0S c AR/ 

7 ?-4 

- 

6?? 

000 


6AVI9N, JHPPNL/WRETR9#TJNNEL.HISC/0AFF/SUSORY 

765 

- 

*34 

000 


WRITE! 10*, 958) SJBORY, 3'JORYwT, RESI DT* UNDRAN, FEEDER* 

7*6 

- 

635 

000 


6PRSJRT.FBI AS/ INERT, PR9P9/GR9SSW,LAHBDA 

787 

- 

6 1 3 

000 


G9 T9 30 
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TABLE 4 . 20-1 

PROGRAM LISTING (Continued) 


7 «,p - Aig.500 C PETJQSJ T9 DAT* FILE E9P ME<I C*SE 

7 r-> - 7 d 3 »000 F'i 3 ^ a T ( ? X» 1 PP9°ELL* *'E I GHT«L^ • ' / 

7 a 0 - 7T9 QQ q f a x , ' A ? C E N T__i US’ C L UD IS - F.5R1 ±a 10 * *E? Oa l, DX«Ffl»Q/ 


7 q l 

7«P 

7 ’PT 
7 9 A 
7?S 
79', 


797 

7 a « 

7qq 

hos 

*0 1 

r n? 


a 

*05 
»04 
9 07 


mo 

*n 

« 1 p 

H 5 4 


HIS 

*1* 

R*7 

« J Q 

a 1 q 


9?T 

9pp 

9 pp‘ 

*?4 

«24 


RP7 

9pa 

a?-» 


3 ID 


n") 

934 

Q PS 

9 P7 

9 q a 


a?q 

940 

941 

94P 

943 

944 


94 ^ 

946 

947 

R 4 9 


704*000 

70PO00 

704*000 
707*000 
709000 
703 * 0 0 0 _ 
710*000 
71 1 * 000 

71 ? • 00 0 
717. 

71 4*000 
_71 5*000 
71 f *000 
717*000 
71". 000 
719.000 
7?0* 000 
_ 72 U 30 _CL 
7?3*000 

733*^00 
7^4*000 
735 • 000 

7P4 *000 

_J7 37* 000_ 

739'; 

7P3 « 


000 
000 

730.000 
731 *000 
773*000 
79 ^* : ) 00 _ 

■ 714*005 

779*000 

774.000 
737*000 
779*000 
779*000 

749* 700 

741 *000 
743. 100 

747.000 
7*4 000 

_7 45 0 Qp_ 

746000 
747*000 
749*000 
743*000 
750000 
731 OOO 


75? 

757 

754 

755 

756 

757 


"nr; 

753 • 

760 « 
761 - 


'000 

'000 

•000 

.000 

000 

000 


64V, ' ST APT 3 R5 P ELLANT * * 15X,F9*0, 10X#F8.0/ 

64 X# ’ S^UTDO(<N ADJUSTMENT* # 12X.F3.0# 10X,FB*0/ 
64X, » *EEDL I ME p E5 1 DUAL ' # 14X, F 9 O, 1 OX , F$ • 0/ 

64 Vi * I LLD9WN RESIDUAL*# 1 ?X#f?* 0* 10X#F5«0/ 
64 X# 'ENGINE RES I DUAL 1 # 16X.F8.0# 1 OX# ^8*0/ 

64 v, »oj 3 1 aS 1 # 30 X#JJ 1 .*JjJLAX#EL?_O/. 


‘6 4 y f »TAN^ jvfDRA J^AaLE"* m 5 x'#F 9 « 0 *i 0 X#FB# 0 / 
64 V, • o^ESSjRAMT ’01X09. Oil OX, F9.0/ 

6 3 4 y i ----------- i , 9X, 

6 4 y, • NORMAL L q 40*#19X»F8i0#lDX#F9.D/ 

64V, »L5A0 Iv 3 ALLS W AMCE 1 #UX/F?.Q,10X,F8.0/ 
6 3 4 y , 1 -'#9X, ' ’ / 


» ♦ 07*0/ 


6 4 y , * MA XI MJM L ^ O * # 1 9X # F S • 0 # 1 D X # r 8 • 0 / 

64 x » ' p5 5 P ELL A NT 9EL9H T AN< * ; 10X# » - * # F7 . 0, 10X, » « 

634V. 'OX, 

S4X# 'MAXIMJM L*AO IS TANK*#11X,F8*0#10X#F8*0/ 

6?v , I3R90ELLAM V9LJME-FT3*/ 

6 4 y , ♦ p O p ELL A SI, V3LJME IN T ank ! j fcX jl£ fl. f 3* 1 Q X/ FSafl/ 

~ 6 4 X , i T A M K VSLJME F5R F lU I DS * $ 9 X. , F 9 • 0, 1 OX , F9 • 0/ 

64X,’V?L- DI S°l * CED BY L9X FEEDLINE' #7X, *#l0X# r 8*0/ 

634 y, I w?x, ( V 

64X, ’TOTAL TANK V9LUME ' # 14X#F*»0,10X,F8.0//> 


902 FORMAT (POX# ’EXTERNAL TANK DIMENSIONAL DATA'// 

61 p*> ---X X X X X X X X X X X X X X X 


X_X 


LI 


. »/ 

0 */ 


X X X X 


• »/ 


903 F 9 R M A T < 1 2 X # ' T M E T A X------ X',27X*'X 

614XO-X X» #5X, • . ' ,5X# ' * * # 27X* ' X *'/ 

69 X » • NR • • X ND V..9R 8D X ' # 23*, ' R • • • X 
6 1 PX, ' • • ♦ X X«,RX, ' • ',5X, *X»,?7X, »X *'/ 

613V,'** * X X'#27X#*Xt •*/ 

61?y,»*. .m 9R. X XX XVXXX XXXXX X 

* ’6?X, .HC5*',5X»'.HR. f ,36X#’.'/ 

61 3X, ' * . ---MC--* -H9 ----------------- -•-'RH------- • H?* * / 

61 pv , » . ----•L"RN*H '0 ^3 + HR-- » / ) 

904 rnp^*T(i2x, ’THETA X X X'#23X#»X .'/ 

6 1 4 X , ’ • X X’ ,5X, ♦ • ' ,5X# ' X X ' # 25X # ' X •'/ 

6 9 X , • N 3 * * X ND y**3 R 9D M*X X**»L C 3N'#14X# 'Rt»*X D * / 

6i?V/»*..y X«#?X, »'• »,5X, »X X ' # 25x# * X •'/ 

1-lPy,’.. . X X X»#?3X,»X* *'/ 

6 1 3 y f ’ • • *-|SRt XXXXXXXXXXXXXXXXVX •----»/ 

6 o y , *hn --.*•- *M 05* , #5X, , «HR** , #25X# , »'/ 


61?/#’ # -HH--- 

MPX, ’ * - - L HSl H R.+ LC QN»HH»HR 


»-*RR* ' / 




905 F9R1aTU?x# 'THETA X'#9X#*X X'#23X,'x •'/ 

61 uy, » • y ' , 13X# 1 X X ' # 25 X # * X •*/ 

61 4V , » NO ’ # 1 ox# ' • * * X x> • *LC8N * # 1 4X# ' R» • • X O 1 / 

6 1 4 y , »*y’#l7X# *X X ' # 25 X , 'X .'/ 

6isx,». X ’ # 9 X , » X X'#23X,»X* *'/ 

S 15X# ' * * » PX# ' x X X X X X X XXXX XXXXXXX** 


--'/ 


• MR 


IN. 


'/ 

-. '/) 

L/D»'*F 4 tl# 


005 ™ 

000 

000 

000 


615X, ' • « , 5X# » • ' # 5X, » *HR« • ’ #?5X, » • ' / 

6 1 5 X , -HH — - 

61 SV, L»HC + R** l 4 R + LC 8 N + HH*HR--- 

906 r^RHAT ( ///2X, 'L«'#F7.1# 1 IN. D«'#f6*l/' 

53X, * R» • , Fft» 1 # ' IN* HR* * # F6» 1 # * IN.*) 

90 7 r^R^IAT ( /2 X# ' NR" * » F5« 1# * IN* S R ^WFfe.l,* IN* 90* 1 » ^6 *, 1„#_ 
m TS #”hOR. « , F5* 1 # ' IN* HCQ ■ ’ » F 6 • 1 7 1 I N • ’ ) 

909 FPR^AT { /2X# » ND« ' # R5* 1 # 1 IN* THET A ■ ' , F4 • 0# 1 DEG* MC* 1 # 
6R7.1,' IN. LCaN^SPS.l# 1 IN. »//2X, 'H5*'#F6.1# 1 IN#’# 
63X, * -H» ’ , F7 . 1 / * IN- K"»jF 4.2#» IN.' 
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TABLE 4.20-1 

PROGRAM LISTING (Continued) 


84 9 - 

«50 - 
*51 - 

7^3 

7S3 
7^4 

R5? - 

7A5 

R B 3 - 

7«Sf 

Rt.4 - 

7^7 

- 


a -i, - 

7 S 9 

oc,7 - 

770 


0 5 s 


771 

77? 


Rf 0 " 
PA1 - 

- 

Hfl - 

779*000 
7 7 4 • 000 
775*000 
77A * 000 

S?x 

Spy 

soy 

K9X 

R A<* - 

777*000 

&4X 

fl *>5 • 

77B»^00 

?a5v 

• 

779*000 

S4V 

o<S7 - 

780*000 

^5> 

fl A R • 

791 *000 

u x 

> t. 7 • 

7^7*000 

A5 y 

- ^ 7 - 

‘7^*^00 * 

A4V 

? 7* - 

7^4.000 

A 3 X 

R 7 ? - 

795*000 

*4?X 

R7-5 - 

79 A ♦ 00 0 

S9X 

R74 - 

787*000 

My 

R75 - 

79BO00 

i4X 

- 

799000 

S5X 

R77 - 

790*000 

957 PO 

R7P - 

791 *000 

S5 x 

« 71 - 

799*000 

S4 x 

RflO • 

793*000 

^5y 

fl B ^ - 

794 . 000 

?.3y 

B fl 7 - 

7 75*000 

&3X 

B R 9 * 

79 A • 000 

apx 

B a 4 - 

797.000 

A3 x 

BBR - 

798*000 

Apy 

~~ - 

'799*000 

A3X 

B B 7 - 

800*000 

spy 

R B B - 

5ol .303 

A 3 X 

R 8 ^ - 

■ 0? • 300 

A » 


■ so 

■91 

ass 

RSI 


<o? 

■D4 

■ 05 

■Of. 


330 
330 
30 3_ 
300 
000 
300 
000 
000 
03 0_ 

ooo' 

300 


300 

000 

000 

003 


S//?X*’L c 'AO ALL0KANCE*' 

S»F4.?,4X, 'L0X ULL*3E*'.E4.?,4x, «LH? ULLAGE* SEA* 2// 

s?x, <l?x t ank v blume-' .eb.q , LFT3 

S.' ft?') 

950 fifmaT (• 1 IPX, 'EXTERNAL T*N< WEIGHT SUMMARY') 

951 riPNAT (SOX/ 'C0 M MSN BJ_KHF*d-L 0X ElO') 

95? F*RmAT ( ?OXi ' C*'*H9'l BJ.KHEA0-L9K AFT') 

953 FORMAT ( ?0 X . 'SFPARATE SJLKHE A3-L0X FwD' ) 

_954_P'.QVUT(S0X# 1 SEPARAT E 3JL<hEAD-L0X »FT ' ) 

955 

955 


C?9NAT(10X» 'ALTERNATE rwD SECT ION ( 4 I TM0 JT N0SE FAIRING)') 
FPBNAT <?3x» ME1 3HT' ,?5X, ' v E 1 3HT ' /?4 X. ' -LB» ' , 28X, ' -LB. ' // 


'3*>0V 3R0JP'»9X, ' I ’ » FB.O. • •» 

'1\0« ENVIPN. SR0T. I'|F5.J»' '/ 

ifO tank ' » 10K# ' ( ' »F8.0» ' )', 

_J_V5 SE FA1R!N3'.7X»PA.Q/ 

•ft 0 ^JLKBFAO' ,6 X,f ? .o, 

•Fo CONE 5 CYl* '* "X.FB.O/ 

'CONICAL SECT I 9N '.cs.O# 

• 1 ^ T E P TANK'.gx.FBO/ 

'CYLINORICAL SECT. '»Fr.o* 

'AFT CYL 5 ODME ' , 5 X, FB « 0/ _ 

•‘FT 9JLKHEA0' * 6 X » f a . 0/ 

'INTER TANK SECT. ('.FB.O#' )', 

•pfoRELLANT SYSTEMS I'.Fs.O.' '/ 

'AFT TANK'.lOX# ' ( '»F8*0» * )'* 

'FEED SYSTEM ' < «X.FB.CV 

* f * 9 BUL<HE*D' , 6X.E3.0. 

'ORES. rnO VENT ' / 5X# FP . 0 ) 

MAT ( 4 X, 'CYLINDRICAL SECT. '.FB.O, 
'SU^S 5 VORTEX CTL '»F«.3/ 

'AFT BULKHEAD' »6X#F«.0. 

•PNEUMATIC A PJ SYS ' # F * « 0/ 

'0RH/RSTR/T ANX ATT* # F* • 0» ^ ) '/ 

' N n 3E FAJRIN3' »6X# ' ( '”»F?.0, ' >'» 

•AVIONICS' *11X# ' t '.FB.O. ' '/ 

' JM? I L I CAL PANEL ('.FB.D.' >'» 
OEORBIT SYSTEM', 5X, ' I '»FA.J, ' '/ 

' TUNNEL* , 1 ?*» • ( • ,FR.O, ' )', 

'MISCELLANEOUS'. 6X. ' I '.FO.O, ' ' / 

* RAf f LES-LPX ' , 7X, ' ( ' » ?P. 0. ' )' 


t 

» / 


A34X, » 5J3T?TAL 03 Y W£I3hT«,F90/) 

959 CBRiAT(19x# *SU?T9TAU DPY WE I 3 hT '» F9 • 0 // 


Al 9X» 
A1«X. 


B 04 


807*000 

A 1 q y , 



B0«*000 

A 1 9 X # 

B 9 A 


■DR* 000 

A?9X, 

fl 07 


810*000 

APOX. 



P 1 1*000 

A?9X # 

POT 


p 1 p • 000 

APoy. 

700 


■t 3*000 

Ai®y# 

901 


814000 

A 1 9 v # 

OOP 


815*000 

A 1 9 X . 

909 


B 1 A. 000 

Aipy# 

9p4 


81 7*000 

A 1 ^y . 

90S 


81 8000 

A 1 9 x . 

'^iuV 

to 

819.000 

959 FMW'1 

907 

to 

890*000 

A10X. 

9 0 ^ 

to 

"PIOOO 

960 

9Q9 

to 

89POOO 

A 1 0 X# 

919 

- 

951*000 

5T0o 

911 

- 

75P.0O0 

E^o 


3^WH/ JMCEI^TA INTY |»*F 80 * f «/ 


■ f / 


OH Y W-J 3hT« # 9Xi?Ti"3// ' 
HESI^JAI P^9°ELLAVJT M >F9. 0/ ♦ 
TANK JNO^AINABLE^IX^R.O/ 
^EEOulNE TRAPPED 1 #3XORO/ 
P9ESSJRANT * , 9X#F8*0/ 

D l» PIASS18X#FRO/ 


»/ 


»/ 


iNfPT WEIGHT* *7X090// 
JSAPuE °P ,P ELL AN T 1*090#* 


»/ 


T9TAL GP*>PS WEIGHT »,FOO// 

LAHM-OA«WPR!)P/W gross* • #C*. 4 ) 

r ( * i * # i hx# * external t a n< prjpellant i'nvVntjry »"// 
1TEH*#?3X# »LH2»>15X# *L0*»/) 

T ( M *#18X# * EXTERNAL TAN< s>90PELLANT INVfNT59Y«// 
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5. BOOSTER MODULE 

5.0 The Booster Vehicle Module contains the analytical and empirical weight 
estimation relationship necessary to completely define the Solid Rocket Motor (SRM) 
Booster system. Figure 5-1 depicts a typical recoverable Shuttle SRM and serves 
to illustrate the detail accounted for in this module* The approach adopted for in 
this module was to use current applicable data from other contractors. A typical 
example of this was the analytical work deriving the weight of the basic SRM 
documented by Kimble of the Aerospace Corporation (Reference M) in 1966. These 
data were reviewed and additional scaling laws developed to meet current as well 
as projected requirements, thus reflecting the current state of the art throughout 
the solid propulsion industry. All scaling equations were developed analytically 
where possible, and correlated with empirical and point design data to determine 
the coefficients, exponents and constants required to produce reasonable results. 
This process consists of (1) comparison of subsystem weights predicted by the 
theoretical equations with actual and point design data, (2) modification of element 
of the theoretical equations to improve the correlation, (3) determination of best 
curve fits, and (4) evaluation of the correlation to determine the acceptability of 
the errors resulting from using the best curve fits. Every attempt was made to 
simplify and reduce the number of equations, expand the range of parametric values 
and, at the same time, retain the accuracy required for preliminary design studies. 

While the results have been quite satisfactory, it will be necessary to update 
the model as the design progresses and, perhaps, modify or redevelop certain equa- 
tions. For example, design considerations that have come to light since the Shuttle 
proposal are water impact beef-up, dynamic pressure at reentry, stress corrosion, 
and biaxial stress allowables. These changes can be accomplished and incorporated 
in the model by simply adjusting either the coefficients or constants of each sub- 
system > or by adding an additional fixed constant. An alternate method would be to 
shift mass fraction versus propellant curves generated from the present model so 
that the appropriate curve goes through a known design point. The tendency to use 
weight estimating techniques beyond their limits is ever present; therefore, atten- 
tion should be given to the limitations of these equations, so that modifications 
may be made if the range of the parameters encompassed by the empirical data used 
in the correlation analysis is exceeded. Table 5-1 presents a complete list of the 
equations employed in the SRM model. 
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TABLE 5-1 

SUMMARY OF SRM WEIGHT EQUATIONS 

EQUATION 


COMPONENT 

BASIC SRM 
CASE 

JOINTS 

NOZZLE 


W c = 11.16 


L (0.163 -- 0.114) 

W p \°- 95 {MEOP) 07 (FS)° 7 (p) • 3 


1 013 


p V 
P P 


(Ftu Y 


i0.9 


Wj = 7.7 D 


2 (MEOP) (FS)Nj 


Ftu 


"noz _ 0.003505 


THRUST TERM W tt - 0 03518 


\Cf Pc 


r t0.6 c 1-2 0.7 

1 'b F sl f 

C ,1 2 p c »-8 (tan f 04 
1.45 


0.916 


INSULATION 

CASE 


JOINTS 


m \ 0.8 t.0.5 d 0.117 / T c V 

W P \ Tb Pc \I 000 ~ / 


2 -,0.86 


P p V p 


(-0 ) 01 ( T d es ) 0 ' 2 
Wj, = 21*1! Nj OR Kjj = (* ui * Wjj) Nj or Wjj = 2 W ui Nj 

WHERE 

W uj = 0.00054 (0 - D p ) D T b 

W n = 0.000178 (0 - D p ) [(20 t D p ) T b + 80 D] 

11/2 

I / «n \ **r * | 

D P ■ 


/ V\ 

<F«I ' 

U) 

77 C, P c 


Wjg n = 0.33658 D l 45 


EXPENDED W ej = 0.005 (W p ); INCLUDED IN W ins ♦ Wj, 
IGNITER 

LANDING AND RECOVERY 
PARACHUTE 


W par = 175 ♦ 498 


bo 


PARACHUTE INSTL 
RETRO ROCKET 


Wpj = 0.6916 Wp ar 


W rr = 0.0819 W b0 


(V,j) 2 

v ri ” V$d 


sp 


"rp - 0.675 W rr 


PROPELLANT 
WATER RECOVERY HARDWARE W wr = 380 
BODY 

FORWARD SKIRT 


W fs = 13.65 D 


AFT SKIRT/LAUNCH 
STRUCT 

ATTACH/SEP STRUCT 

NOSE FAIRING 
TUNNEL 


"as Is = 


0.00464 


b 0.315 


OLOW . 2 l» |o 0.65 F o$| cos^(L, *jl 

a F n 


F S | 

"as ■ «2 

"bo 

W nf = 0.0607 D 2 
W t = 0.114 L 


OTHER 

AVIONICS 

TPS 


W t p = 0.018 D 2 
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5 . 1 Subsystem Weight Equations 

5.1.1 Basic SRM - The following group of equations represents about 75 percent 
of the total dry weight. 

5.1.2 Case - The equation for an unsegmented metal propellant case is from 
Reference (M) . Its derivation was based on a pressure vessel design assuming a 
cylindrical case with hemispherical domes. 

The thicknesses of the cylinder and dome are: 

_ MEOP (D) FS . _ MEOP (D) FS 

^cyl 2F * dome 4F 
7 tu tu 

Weights of the cylinder and dome are: 

W = A , (T J p ; W, = A (T, ) p for hemisperical domes 

cyl cyl cyl m dome dome dome m 

where A and A. are surface areas of the cylinder and dome respectively, 
cyl dome 

W was modified to account for eliptical domes. Figure 5.1-1 shows the ratio 
dome 



FIGURE 5.1-1 WEIGHT RATIO OF ELLIPSOIDAL TO HEMISPHERICAL DOMES 
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of the weights of elliposidal to hemispherical domes having equal base radii 
as a function of the ellipse axis ratio (b/a). The following function was 
derived to fit this curve: 

, - 0. 77 | 1,3 + 0.856 

1 a 1 

and case geometry becomes 



Substituting equations for thickness, weights of the cylinder and ellipsoidal 
dome are : 


„ _ rD 3 (ME0P ) (FS) P (~) 

w , — m D 

cyl 


2F 


tu 


W 


ttD (ME0P)(FS)p 


dome 


m 


8F 


(|~ - 0.77|j^‘^ + 0.85 6^j ; for one dome 


tu 


Case volume is 
^3 r 


V 


TTD' 


case 


f — ( — } + — ( — )1 = 

[_3 V 2 VJ 


w 


n p 

p P 


Solving for D' 

- 2W 

3 r 

T) J = 


p p n p'(i ( a> + 2 ( D>) 

Case weight can be expressed as 

ME0P(FS)p W 

W = W + 2W = 7 — — P 

c cyl dome F (p ) n 

tu p p 


K 
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where 


K = 
g 


- + i ( |- - .77 
D 2 ' a 


1.3 


+ 0.856 


I (b ) + I (L) 

3 V 2 V 


which is approximated within 5% by 

_ (0.163 - -0.114) 

1.77 (§) 


K = 
g 




0.315 


The theoretical case weight was then correlated with 20 metal case data points 
including actual hardware, design studies, and proposals which resulted in the 
final equation 


_ 1.013 


W = 11.16 
c 


fe) 


0.95 


(0.163 j - 0.114) 

(MEQP)°‘ 7 (FS)° ' 7 ( D ) 


(F tu } 


0.9 




0.315 


m 


Limitations of this equation are listed in Case Segmentation* 

Propellant Load Fraction (n ) — The weight of star pattern propellant in 
" ■ x_ " P q 

both domes with a density of 0.063 lb/ in was determined to be 70,000 lb for 
a 156- in, diameter SFM. The volume of the domes and the propellant in them are 

V = l D 3 ± ; V = 70000 

dome 6 a prop 

Cylinder length is 

V 

L = 


_£C_ 


= 0.559; V. = 0.292674 D 3 \ 
0.063 dome a 


(A - A ) 
cs p 

where the volume of propellant in the cylinder is 

W o b 

V = -2- - 0.292674 D - 
pc a 

and case internal cross sectional area is 
A 


_ = | (D - T) 2 

cs 4 
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Where T is the cylinder wall thickness + insulation 
T . ffiOP(D)FS + 0-25 
tu 

The total case volume for a A /A ratio of 1.3 is 

P t 


V = j- D 3 - + -f 
case 6 a 


1 t> 2 (- \ 

4 ^cs- 1 * 3 ^ ) 


Since the propellant loading fraction is defined as propellant volume 
divided by case volume 


W 


n p ~ P 


V 

p case 


5*1.3 C^ase Segmentation The equation in 5. 1.2 is for an unsegmented case, 
but large SRM’s are divided into segments resulting in a joint penalty. Reference 
(M) provided the source of the equation and derivation used for this penalty. It 
was assumed that flight and ground handling loads do not design the joint and the 
joint cross sectional area will vary linearly with case wall thickness. Weight 
of the joints is 

W. = tt D A . p . N . 

3 x 3 J 1 

where A is the joint cross sectional area and p. is the density of the 
3 J 

joint material. Since 

A . « T . 
xj cyl 

where T cyl = ^' >FS(D) from Paragraph 5.1.2. 


W. = it D 
3 


tu 

2 (MEOP) (FS) (p . )N . 

3 3 


2F 


tu 


Assuming that the joints are manufactured from steel, p. is relatively constant. 
Removing cons tants 


W. oc D 
3 


0 (MEOP) (FS)N , 
2 1 


tu 


Applying this expression to manufactured joint data, the following weight equation 
for case joint penalties resulted 


W. = 7.7 D 
3 


2 MEOP (FS)N , 


tu 
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This equation is applicable to pin and clevis type joints only. A set of para 
metric limits was established for the joint equation as well as the case 
equation previously presented. They are: 

3000 < W < 2,000,000 lb 
P 

, 2 

500 < MEOP < 1500 lb /in 
0.25 < L/D < 8 
0.6 < b/a < 1.0 

The values of the material property parameter F fcu to be used in the equations is 
room temperature value. It has been assumed that case insulation will prohibit 
steel cases from exceeding 350°F. 

5 . 1.4 Case Weight Comparison - A comparison of proposed 156 in. diameter SRM 
case weights and predicted case weights resulting from equations in Paragraphs 
5.1.2 and 5.1.3 is presented in Table 5.1-1. Proposed weights and design parameters 
were obtained from SRM study reports submitted to NASA by Lockheed, Aerojet, UTC, 
and Thiokol on 15 March 1972. Biaxial gain was accounted for by either a lower 
FS or a higher F in the SRM proposals which took advantage of it. The reported 
case weights were 5 to 13 percent lower than those predicted by the parametric 

equations. 

5.1.5 Nozzle - The nozzle weight equation from Reference (M) was for a fixed 
ablative nozzle divided into seven sections as shown in Figure 5.1-2. Based on the 
analysis of the section theoretical weight equations, a single parametric weight 
estimating proportionality expression was derived* 


W 

noz 


(W C*) 1,2 e°* 65 

E — — 

0.6 „ 0.5 /fc ©s 0. 
P T, (tan -) 
c b ^ 


This expression provided the basis for the 


correlation analyses which resulted 


in the final equation 


W = 0.0000772 K 
noz gn 


/TT . . 1. 2 0.7 

(W C*) E 

E 

„ 0 . 8 0.6 , 9s0.4 

p T, (tan -r) 

c b £■ 


0.916 
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TABLE 5.1-1 

COMPARISON OF PROPOSED SRM CASE WEIGHTS WITH THOSE 
PREDICTED BY AEROSPACE EQUATION 


SRM 

REPORT 

PROPELLANT 
W p (LB) 

PROPELLANT 
DENSITY -pp 
(LB IN 3 ) 

PROPELLANT 
LOADING 
FACTOR-ti p 

MAX OP 
PRESSURE 
MEOP (PSI 

F.S. 

ULTIMATE 
STRENGTH 
F tu (KSI) 

MATERIAL 

DENSITY 

Rj/LB IN 3) 

MATERIAL 

DIAMETER 
D (IN.) 

LOCKHEED 

1,231,031 

0 0649 

0 76397 


14 

225 A 

0 283 

D6AC 

156 

AEROJET 

100,000 

SEEN 

OTE A_, 


14 

220 A 

0 283 

D6AC 

156 

UTC 

1.250.000 

0 0635 

078082 



195 

0 283 

D6AC 

156 

THIOKOL 

1.217,664 

0 064 

0 82335 

996 

14 


0 283 

D6AC 

156 

MDAC 

1,270,000 

0.063 

0 7914 


14 

225 

0 283 

D6AC 

156 


SRM 

REPORT 


NUMBER 
OF JOINTS 

"j 

PREDICTED CASE WEIGHT< EQUATIONS) 

PROPOSED 
CASE WT 
(LB) 

PREDICTED WEIGHTS 
{ ) * HIGHER 
THAN PROPOSED 

UNSEGMENTED 
*c A 

JOINTS 

Wj A 

TOTAL 

(LB) 

LOCKHEED 

7.66 

8 

91,034 

9328 

100,362 

95,373 

( 5.3) 

AEROJET 

5 61 

3 

69,282 

3577 

72,859 

69,030 

( 5 5) 

UTC 

779 

4 

197.791 

4805 

112.596 

99.799 

(12 8) 

THIOKOL 

7.08 

4 

104,179 

5226 

109.405 

102,755 

( 6.5) 

MDAC 

7.88 

7 

103,605 

8162 

111.767 

103,206 

( 8.3) 


NOTES: A BIAXIAL ULTIMATE STRENGTH = 254 KSI FOR 13“. GAIN 
A BIAXIAL ULTIMATE STRENGTH = 248 KSI FOR 13% GAIN 

A F.S. SHOWN IS FOR UNIAXIAL TENSILE STRENGTH ACTUAL BREAKING STRENGTH OF A CASE WITHOUT IMPERFECTIONS ISUP TO 15% 
GREATER THAN THE DESIGN BURST PRESSURE DUE TO THE APPARENT INCREASE IN MATERIAL STRENGTH IN A BIAXIAL STRESS FIELD 

A THIS DATA NOT AVAILABLE j 013 

A W c = 11 16[ / W P \ 0 95 (MEOP-FS) 0 7 / L \ 0.049 | 

KW "v 09 Pm l 


AWj = 7.7 (D) 2 MEOP*FS*Nj 
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which is equivalent to 


W = 0.003505 K 
noz gn 


T 0.6 1.2 0.7 

b si 

1.2 0.8 , G . 0.4 

C f p c (tan -) 


0.916 


where K 


2.1 


gn £ 0.116 


for gimballed nozzles and 1.0 for fixed nozzles. The 


following limits apply to the ablative nozzle weight scaling equation 


500 < W < 2,000,000 lb 
P 

30 < T, < 140 sec 

b 

300 < P c < 1000 lb/in 2 
5 < e < 75 


15 < 0/2 < 30 deg 

Thrust Termination - Thrust termination provides a negative or zero thrust 
so the port area must be related to the nozzle throat area. From Reference (M) 


W C* 


W 


s£ 


tt P T 
c b 


C, P 
f c 


W 


and correlation of p with thrust termination weights resulted in 

c b 


w tt - 170 


(vs) 


1.45 


However, the constant was changed to reflect a point design so the final equation 
is 

1.45 


W =0.03518 


(ft) 


5.1*6 Insulation - The source for internal insulation weight equations was 


Reference (M) 


W. = 0.000602 
ins 


(ft 


0.5 0.117 


0.8 T, 


0 0.86 

m 1 

\ 1000 / 


ft 0 ' 1 ) 0 ' 2 

D des 
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Additional insulation required for joints is 
W . = 0.00054 (D-D ) DT 


U 1 


or 


W ±i = 0.000178 (D-D p ) [ (2D + D p ) T fe + 80D] 


where 




i 

og 
! 1 

4> 

cn 

D = 
P 

Ut A* p c T b g / 


V A t/ ’ C f P cJ 


1/2 


For both propellant segment ends inhibited from burning (inhibiting function is 

accomplished with insulation) 

W. . = 2W. . N 
31 ii 3 

If one end is inhibited 

W = (W . + W, .) N 
ji ui ii 3 

If neither end is inhibited 

V ‘ 2W ui B j 

The following set of limits represent the range of parameters in the empirical 
data: 

2000 < W < 3,000,000 lb 
P 


40 < T, < 140 sec 

b 


. 2 


300 < P < 1200 lb/in 

c 

5000 < T < 6500°F 
c 


0.25 < L/D < 8 

Expended insulation from W ±ns and W j± during burn time was estimated to be 

W = 0.005 W 

exins P 

5.1.7 Igniter - Igniter weight of some SRM's was plotted versus motor diameter 
with the resulting equation of the curve being 

1 45 

W - 0.376 D 
ign 
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5-2 Landing and Recovery - These equations predict weight for parachute 
and braking rocket systems. Figure 5.1-3 presents the recovery mode for the point 
design which was used as the basis in determining equation parameters and 
coefficients . 

5.2.1 Parachute - A retro rocket ignition velocity of 240 ft/sec and SRM 
burnout weight of 188,000 lb were used in the analysis of the parachute system. 

The following weight summary indicates what components were included: 

PARACHUTE HARDWARE LIST AND WEIGHT SUMMARY 


DESCRIPTION WEIGHT - LB 

STABILIZATION PARACHUTE SUBSYSTEM 

Stabilization Chute, 23.0 ft (D ) 23° Conical Ribbon 90 

o 

Riser, 25,6 ft long, suspension lines continued 17 

Deployment Bag 9 

Mortar, 20 in. dia. x 32 in. deep 36 

Cartridge, uses 2 SBASI for initiation 1 

Nose Cap, held by shear pins until mortar force 18 

Bridle, tie between nose cone and pilot bag 4 

175 

MAIN PARACHUTE SUBSYSTEM 

Pilot Chute, 13.7 ft (D ) 25° Conical Ribbon 9 

o 

Riser, 56.3 ft long 16 

Deployment Bag, Pilot 1 

Main Chute, 78.5 ft (D ) 20° Conical Ribbon 1464 

o 

Deployment Bag, Main 127 

Reefing Line Cutter, 10 sec delay (4 required) 2 

Reefing Line, 9000 lb MIL-W-4088, 129 ft long 9 

Explosive Bolt, release for attachment ring 2 

Jumper Line, attach ring to flotation and retrieval gear 1 

1631 


It was assumed that the stabilization parachute subsystem weight remains con- 
stant. The main parachute weight equation was derived from the fact that 
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where is the drag coefficient, the parachute area, 
pressure which can be expressed as 


and q the aerodynamic 


q - 1/2 P V 2 
a 

where p is atmospheric density at altitude and V is velocity. Assuming 
a 

parachute weight is proportional to area, C, constant, and p constant 

da 


W 


W 


bo 


par (V ,) 2 
ri 


The total parachute system weight equation is 


that 


W. 


W = 175 + 498 
par 


bo 




Parachute Installation - A summary of installation hardware compatible with 
the parachute system follows: 


PARACHUTE INSTALLATION HARDWARE LIST AND WEIGHT SUMMARY 
DESCRIPTION WEIGHT - LB 

ACCESSORY HARDWARE 


Support Ring 680 
Severance Ring 48 
Linear Shaped, Charge Assembly 21 

3 

Foam Filler (for flotation), 32 ft 128 
Support Bulkhead 65 
Flotation Bag, Pressurization Vessel and Valve 40 
Cannister 185 
Attachment Ring, 80 suspension lines, 4 each at 20 points 70 
Miscellaneous 12 


1249 

This hardware is assumed to be proportional to the parachute weight so 

W . =0.6916 W 
pi par 
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5.2,2 Retro Rockets - The characteristics of the point design braking 


rockets are as follows : 

Braking Rockets 
Number 

SL Thrust (lb/rocket) 

SL Specific Impulse (sec) 

Burn Time (sec) 

Propellant Wt (lb) 

Gross Wt (lb) 

The total ideal velocity available from the 


4 per SRM Stage 

283,500/35,780 (Boost/Sustainer) 
249/213 (Boost/Sustainer) 

1. 3/5.6 (Boost/Sustainer) 

10,104 
14,968 
rocket is 


AV = g I 
From a series 


W, 


sp 


In 


bo 


W 


bo 


exp ansion 


W 

rp 



Since the retro rocket propellant is only a small portion of the total weight, 
all terms of the expansion after the first one can be neglected so that 


W 


AV W 

Ti 


bo 


rp s x sp 

Assuming a constant mass fraction and that (V^ - V^) is proportional to burn 


time 


W 


rr 


(V . - V J W 
ri sd bo 

I 

sp 


An ignition velocity of 240 ft/sec, water impact velocity of 20 ft/sec, SRM 
burnout weight of 188,500 lb, and average I gp of 235 sec were used in the 
determination of the final equation for rocket weight including attach structure 


W = 0.0819 
rr 


< V rl - "sd* “bo 
l 

sp 


The propellant mass fraction is 
W 

= 0.675 
w 

rr 
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5.2.3 Water Recovery Hardware - The components and weights of this subsystem 
are summarized as follows: 


SRM RECOVERY HARDWARE 

WEIGHT - LB 


Line 

120 

Mortars 

100 

Floats 

60 

Sea Anchors 

20 

Attach Lugs 

80 


380 

Since the weight of these items is assumed to remain constant 

W = 380 
wr 


5.2.4 Body - This group includes structural components required for making 
the basic SRM adaptable to Shuttle use. Weight equations were derived, using a 
point design as the basis for parameters and coefficients. The equations are 
adequate for sizing purposes in spite of their simplicity. Considerable 
analysis beyond the scope of preliminary design presently available would be 
necessary to increase the degree of confidence in them. As it is, the body 
group represents only 15 percent of the total SRM dry weight. 

Forward Skirt - The design of this item reflects minimum weight structure 
at a constant length. Weight can be expressed in terms of diameter, so using 
point design data 


W^ = 13.65 D 
f s 

Aft Skirt/Launch Structure - Assuming the critical load to be at liftoff 

with orbiter engines firing and negligible wind effects 

W ^ « axial load + reaction of orbiter thrust 

asls 

Distributing the load to two fittings on the open trusswork skirt 


W , -a 
asls 


r\c o n 

0L0W + 2W (1.3) cos (p (L^ + -) 

3 6 O + £_ r Z 


4 ' D 

Where 1.3 is the dynamic amplification factor. From point design data the 
final equation is 


W , = 0.00464 

asls 


0L0W + 2W 0.65 F . cos <|> (L £ + 
&o , osfc f 2 


D 
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Attach/Separation Structure - An equation was derived from a simplified 
relationship of loads. Structural weight decreases with reduced SRM engine 
thrust or when a heavier SRM relieves the load. From point design data 


Nose Fairing - A constant unit weight resulting from the point design is 
applied to any nose cone area. For a 20 deg cone 

2 

W r =0. 0607 D 
nf 

Tunnel - Weight of the systems lines tunnel depends on cylindrical case 
length 


W = 0.114 L 
t 

5.3 Other — Weight equations for remaining systems are included in this 


section. 

Avionics — Avionics weight remains constant. 

W =182 
av 

The following summary indicates the items included 

AVIONICS WEIGHT SUMMARY 

Chamber Pressure Transducers 
Battery 

Sequence Control 
Radar Altimeter 
Radar Antenna 
Relays 

Receiver Antenna 
Receiver Transmitter 
Barometric Switches 
Wiring and Connectors 
Supports 


WEIGHT - LB 
18 
8 
5 

7 
2 

15 

8 

16 
2 

67 

34 

182 


TPS - Nose insulation reflects a constant unit weight material. For a 


20 deg cone 

W = 0.018 D 2 
tp 
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5.4 SRM Module - The SRM model that has been incorporated into the overall 
sizing program is in modular form and includes the preceding weight scaling equations. 
This module provides a desirable weight estimation tool for analyzing the prelimi- 
nary design studies of point design or, in the ESPER program it provides the capabi- 
lity of optimization of the system by inputting a desired diameter and iterating 
on propellant load and engine characteristics. The module has built in error 
messages that tell the user when the limits of the parameter encompassed by the 
empirical data used in the correlation analysis have been exceeded. It also con- 
tains input constant which allows the user to input weight changes without modifying 
the program. As with the Orbiter and External Tank Modules the flexibility is 
inherent for replacing relationships or modifying the internal constants with a 
minimum of effort. 

The SRM Module also contains the option of utilizing a simplified equation to 
derive the SRM weight rather than the detailed analysis. The primary purpose of 
this option is to save time and money. This is accomplished by greatly reducing 
the computer run time as well as eliminating the 39 input variables required to 
run the detailed program. In the formulation of this equation, the primary para- 
meters considered were usable ascent propellant and sea-level thrust. A battery 
of parametric runs was completed in which sea-level thrust was varied from 3.0M 
to 5.0M lb and ascent propellant loadings from 1.0M to 2.0M lb SRM burn out weight 
was then plotted against sea-level thrust resulting in a family of propellant curves 
as shown in Figure 5.4-1. Each of these curves were analyzed by a least squares 
curve fit to determine the coefficients of the equations describing them. These 
resulting coefficients were, in turn, curve-fit to give interpolation capabilities. 

The resulting equations are as follows: 

C0EFSE « 29653.3 + (PR0PB * 0.0773338) 

BB0WT = C0EFSE + (THBSL * 0.01887863) 

where: PROPB = Usable ascent propellant weight. 

THBSL = Sea level thrust 

Table 5.4-1 is a detail listing of the input parameter both in the symbolic nota- 
tion as used in the equation formulation and in the Fortran language as is used in the 
computer program. Included with each parameter is a physical description and the 
corresponding dimensional units. Figure 5.4-2 depicts a typical SRM with various 
sections and dimensions noted. The following table (Table 5.4-2 is a data input file 
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FIGURE 5.4-1 SRM BURNOUT WEIGHT VS SRM SEA LEVEL THRUST 


TABLE 5.4-1 

SRM MODULE NOMENCLATURE 
(PER SRM) 


VARIABLE NAME 
mDTDAM QVNfROT.Tn 

DEFINITION 

UNITS 

MAAX 

a 

Major axis of ellipsoidal dome 

IN. 

2 

AP 

A 

Propellant grain port area 

IN. 

0 


P 

Nozzle throat area 

INH 

AT 

A t 

MI AX 

b 

Minor axis of e Hip os i dal dome 

IN. 

CF 

c f 

Thrust coefficient 

N.D. 

f 


IN. 

DIA 

D 

Case diameter 

DP 

D 

*n 

Propellant grain port diameter 

IN. 

TH0SL 

THBSL 

F „sl 

F sl 

Total orbiter sea level thrust 
SRM sea level thrust 

LB 

LB 
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TABLE 5.4-1 

SRM MODULE NOMENCLATURE (Continued) 
(PER SRM) 


VARIABLE NAME 
FORTRAN SYMBOLIC 

DESCRIPTION 

UNITS 

FTU 

F tu 

Ultimate tensile strength 

lb/in^ 

FS 

FS 

Factor of safety 

N.D. 

RRISP 

I 

sp 

Average specific impulse of retro rocket propellant 

SEC 

LTH 

L 

Length of cylindrical portion of case 

IN. 

LF 

L f 

Distance from edge of aft skirt end to orbiter 
thrust line 

IN. 

ME0P 

ME0P 

Maximum expected operating pressure 

lb/ in^ 

NJ 

N. 

j 

Number of segment j oints 

N.D. 

0GL0W 

0L0W 

Orbiter liftoff weight including external tank 

LB 

PC 

P 

c 

Average operating chamber pressure 

lb/ in^ 

BBT 

T b 

SRM burn time 

SEC 

TC 

T 

c 

Combustion temperature 

°F 

TDES 

T des 

Case design temperature 

°F 

VRI 

V . 
ri 

Velocity @ retro rocket ignition 

FT/SEC 

VSD 

v sd 

Velocity @ water impact 

FT/SEC 

WAS 

W 

as 

Attach/separation structure weight 

LB 

WASLS 

W - 
as Is 

Aft skirt /launch structure weight 

LB 

WAV 

W 

av 

Avionics weights 

LB 

BB0WT 

W, 

bo 

SRM burnout weight 

LB 

WCASE 

W 

c 

Unsegmented case weight 

LB 

EXPINS 

W . 
ei 

Expended insulation weight 

LB 

WFS 

W, 
f s 

Forward skirt weight 

LB 

WIGN 

W ign 

Igniter weight 

LB 

WII 

W ii 

Inhibited segment end insulation weight 

LB 

WINST 

W ins 

Internal insulation weight 

LB 

WJ0INT 

w. 

3 

Case segment joint weight 

LB 

WINS J 

w ji 

Segment joint insulation weight 

LB 

BL0WT 

W *o 

SRM liftoff weight 

LB 

WNF 

w * 
nf 

Nose fairing weight 

LB 

WN0ZZ 

W 

noz 

Nozzle weight 

LB 


5-21 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


/MCDO/V/VELL DOUGLAS ASTRONAUTICS COM RANT - EAST 



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 

TABLE 5.4-1 
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VARIABLE NAME 

DEFINITION 

UNITS 

FORTRAN 

SYMBOLIC 

PR0PB 

w 

p 

Propellant weight 

LB 

WPAR 

w 

par 

W . 
pi 

w 

Parachute weight 

LB 

WPI 

Parachute installation weight 

LB 

WRP 

Retro rocket propellant weight 

LB 

WRR 

r p 

w 

rr 

Retro rocket (including installation) weight 

LB 

WTN 

w t 

Tunnel weight 

LB 

WNCTPS 

IT 

Nose cone thermal protection weight 

LB 

WTTER 

tp 

w tt 

Thrust termination weight 

LB 

WUI 

w ui 

Uninhibited segment end insulation weight 

LB 

WWR 

w 

wr 

Water recovery hardware weight 

LB 

NER 

e 

Nozzle expansion ratio 

N D 

NP 


Propellant loading fraction 

N D 

NDHA 

0/2 

Nozzle divergence half angle 

DEG 

RH0M 

m 

Pp 

Case material density 

LB/IN. 

RH0P 

Propellant density 

LB/IN. 

AA0E 

r 

+ 

Average angle of orbiter engines with X axis in 
X-Z plane 

DEG 

INT 


Insulation thickness 

IN. 

BUNC1 


Percent uncertainty applied to the Government 
furnished Eq.'s of the SRM 

% 

WN0Z 


Counter-nozzle type - 0.0 - fixed 

1.0 - gimb ailed 

N D 

WEI 


Counter-joint type - 0.0 - neither end inhibited 

1.0 - one end inhibited 

N D 

BASSRM 


Basic SRM weight 

LB 

UNCERT 


Total uncertainty weight 

LB 

WREC0V 


SRM recovery system weight 

LB 

SRMISS 


SRM body adapter weight 

LB 

BGL0W 


SRM gross launch weight 

LB 

LAMB 


SRM LAMBDA 

N.D 

BSRMC 


Basic SRM weight constant 

LB 

SRMIC 


SRM adapter weight constant 

LB 

SRMRC 


SRM recovery weight constant 

LB 
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CASE (Cylindrical Section) 



corresponding to the NR 162-in Booster, followed by the resulting detail printout. 
Table 5.4-3. Following this is a simplified flow diagram of the module (Figure 
5.4-3) and a listing of the computer program (Table 5.4-4). 

TABLE 5.4-2 

NORTH AMERICAN BOOSTER DATA FILE 

1 .000 PB3PB= 1 406 1 67 . , KHOH = . 06 5, D I A= L 63 . , M I A*=8 1 . , MA4X=W 1 . 

.000 MKOP = 1 000 . , F3 = 1 . 4, FI U = 2 34000 . , KH0M = .283 , I M = . 1 
,, .000 NP= .7 639 7, !\J=5 ., .«;N0Z = 1 . , NEX=1 1 . 2 , BBT = 1 2 5 . , AH = 3 6 WO . 0 

3.500 THB3L=391 7000. 

4.000 CF = l . 58, HC = 833 .3, NPHA=1 5 . , TC = 5fc>00 . , TDE5 = 250 ., AT = 2 93U . 

4.500 B f? 0 T = 2 3 I 8 y 0 . 

5.000 y H I = 1 4 1 .,930—141 . ,03LG^ — 2000000. , 1 H 0 3 L — 395000. , A AGE — 10. 

6 .00 0 LF=200 . , BUIVC 1 = .035, B'JNC2= .035, KH 1 5P=235 . , .VEI = 0 .0 

7 .000 B3BMC = 0 .0,5BMIC = 0 . 0, 3Bi'4r<C = 3500 . 

10.000 * 



FIGURE 5.4-3 SRM MODULE SIMPLIFIED FLOW DIAGRAM 
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TABLE 5.4-3 

NORTH AMERICAN BOOSTER PRINTOUT 


WEIGHT SUMMARY (PER SRM) - LB. 


BASIC 

SRM WEIGHT < 

167917.) 

CASE 

WEIGHT 

1 02 4 59 . 

JOINT 

WEIGHT 

5569 . 

NOZZL 

E WEIGHT 

46b03 . 

THRUST TF.R WEIGHT 

3827 . 

INSULATION WEIGHT 

872 1 . 

IGNITER WEIGHT 

538 . 

8 AS I C 

SRM WT. CONST. 

0 . 


SRM RECOVERY WEIGHT C 

13149.) 

PARACHUTE WEIGHT 

3480 . 

PARACHUTE IN5TL 

3 7 90 . 

RETRO ROCKET 

0 . 

PROPELLANT WEIGHT 

0 . 

WATER KEC. HWD . 

3 B 0 . 

SRM REC. WT . CONST. 

3 300 . 


SRM INTERS! AGE SI . 

( 

30331 . ) 

FORWARD SKIRT 


2211. 

AFT SKIRT SI . 


812b. 

ATTACM/SEP STRUCT 


17609. 

NOSE FAIRING 


1 393 . 

TUNNEL WEIGHT 


138. 

AVIONICS WEIGH! 


182 . 

TPS WEIGHT 


472 . 

oRM INTERS. CONST 


0 . 

UNCERTAINTY WT . 

c 

7399 . ) 

EXPENDABLES 

( 

• 

CO 

O 

r*». 

1 

SRM BURNOUT WEIGHT 

c 

21 1765. ) 

SRM PROP. WEIGHT 

c 

1406 167. ) 

LAMBDA .865 



SRM GROSS WEIGHT 

( ( 

1624962 . ) 
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TABLE 5.4-4 
PROGRAM LISTING 


1 • i.eoo *fixed 

2 « 2.0C0 IMPLICIT heal u.zi 

3 • 3. coo dimensi on n om 

' 4 "» 4.CC0“ NAMELIST PR8PB # RHep/DiA/P!AX,MAAX,MEeR 4 ESjFTU * at 

5 « 5. COO I*.'T/NP#MJ,wNf»Z 1 MEH«B8T/AP*THBSL»CF«PC«NONA 

6 • 6.000 E/TCiTUr?,d)BewT,VHI,VSOiBGLPW,TH0SLiAA8EiLF 

7 « 7. COO 3/BUMC1* a UNC2,RRlSP,WEI jBSRMC, SRMIC/SRMRC 

a • 8.000 call L?rsLT(qp 9 PS) 

9 •_ 9.0C0 RF.AO 500.F 10 _ 

10” • ~ 10.000 ” 500 E0RmaT(4A4) 

11 • 11.000 CALL BPfNFBtFID) 

12 • 12 .C 00 l Input ( 5 i 

13 • 13. COO COUNT'O.O 

14 • 14.CC0 WRECOV.JCOOC. 

15 • 15.CC0 SRH1SS»1COOO. 

16~'* 16. COO C 

17 • 17. coo c basic sr« M weight 

18 • 18. COO C 

19 « i9.ooo c geometry equations 

20 • 20. COO VPCn(MRhrPb/RMPP)"(, 292674*DI A*DI A*Dl A* (HJ AX/M A AX ) ) 

21 • _ 21. COO TCVL* ( M EPP*DlA*FS/{?,C>4ETU) ) ♦ IMT __ 

22 • ” 22.000 ACS«(3. U159/4. 0 ) • ( 0 I A«TC YU « I D1 A»TCYL ) 

23 • 23.CC0 LTH»VPC/(ACS.AP) 

24 • 24.000 VCASE*< 3. 1 4 159/6 • 0 > *D t A*OI A*D I A* < M I AX/MA AX ) 

25* 25.000 14(3.141 c 9/4.f!)«0lA»DIA4(VPC/(ACS"l»3*AT)) 

26 ■ 26.000 PLE«PH()PP/(PhPP*VCaSE) 

27 • _ 27.000 P4ei«PRQPb/l t QC5 _ _ 

2a • 23.0C0 C CASE "EIGHT 

29 • 29.000 _ IF(PR0PB.LT«3CCO.. ftR.PPBPB.GT • 2000000. ) C8UNT»iiQ 

30 • 30.000 IE ( m EBP«LT . 500. « 8R . ME8P • GT • 1500* ) CBUNTfl.O 

31 • 31.0C0 IP ( (LTh/cI A ) ,LT. . 2S.8P. (LTH/DIA) tGT.S. > CBUNT'1.0 

32 • 32. COO IEni*lAA/MAAX).LT..6.6R.(MlAX/HAAX),GT.l.) C8UNT«1»0 

33 • 33. COO IE (COUNT. EC. l .0) "RITE( 108/700) 

34 • '34. COO' 'CASEl , W**nM«(Pngpb/(RHeP*NP>J**#95 

35 • 35.000 CASet*ME8P*».7*ES**. 7/ETU**.9 

36 • 36.CC0 CASE 3* (LTH/OfA )**<(, 163* MIAX/MAAX)»»114) 

37 • 37. COO CASF4* IM AX/mA AX ) *#. 315 

38 • 38.000 WCASE*ll.l6*(CASEl«CASE2*(CASE3/CASE4) )«*1.013 

39 • 39 . COO _C CASE^JOINT "EIGHT ... 

40 • 40. COO ViJ9lNT«7.7«0lA» r )IA«{ME6H*FS*NJ/2TU> 

41 • 41.000 C NOZZLE '-’LIGHT 

42 • 42.0C0 IF (PR0P5.LT. 500 . . 8 R.PR 8 Pe.OT. 2000000 . I CBUNT»2.0 

43 • 43.000 IF (P0T.LT.3C. .9R.HBT.GT.140. ) C8UNT»3,0 

44 • 44. COO IF (PC.LT.30C..8R.Pr»GT.lCC0. ) C8UNT*2.0 

45 i 45.CC0 !F(NEH.L!.F..BR.f.ER.GT.75.> C8UNT»2,0 

46 • ” 46 1 COO IF ( ND H A ,LT . lq , .oH.NOhA .UT . 30. I C8UNT»2.0 

47 • 47. COO IF (C8UNT.EC. 2.01 Wfi I TE ( lOBi 800 ) _ 

48 • 48.000 C FIXED NG22LE 

49 • 49. COO A'0ZZl*B'!T**.6*THbSL**1.2*NER**.7 

50 • 50.000 NeZ72*CF«*l .?,*PC*». 8* ( TAN ( NOHA/57 . 29578) )**t4 

51_« 51. COO Jf (WN8Z.GT.O.O) GO TO 10 

52 •’ 52.000 "N0ZZ*.-' / C3bC5*(N8ZZl/N8ZZ2)»*.916 

53 • 53, COO G8 TO 

54 - 54. COO C GJMBALLED N8ZZLE 

55 ■ 55.000 10 KGN»2.11/NEP44»116 
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TABLE 5.4-4 

PROGRAM LISTING (Continued) 


56 

m 

56.000 


WN8ZZ*.C0350B*KGN*{NflZZl/N8ZZ2)**»9l. 

57 

w 

57.000 

C 

thrust termination weight 

58_ 

m 

58 « QClQ_ 

20 

WTTER"»Q35l**{ THBSL/iCP*PCJ_l **1 _i.45 ... 

59 

• 

59 • 000 

C 

INSULATION weight 

60 

m 

60 i 000 ^ 


jr (PcMP^.LTtPCOO* t OR. PROPS, QT. 3000000« ) CflUNTsStO- - 

61 

m 

61 .COO 


!F<HBTtLT**O..BR*BBT.GT»lAO» ) COUNT «3»0 

62 

• 

62.CC0 


IE(PC*LTt30C.9R. p C.(5T.i2C0*) COUNT-3.0 

63 

* 

63. COO 


IE (TC'LT.EOCO. . p W»TC.GT»6S00. I C8UNT»3.0 

64 

• 

.64, COO- 


_JF ( (LTH/plAI ,LTi •25t0P» <LTH/D!A).GT«a» ) CQUNT»a*U 

65 

• 

65. COO 


1E(CCUNT.EG«7«0) WRITE! 1 C«» 300 ) 

66 

• 

66.CC0 

c 

case 

67 

« 

67.CC0 


INSCl><PRbP9/(PH0P»NP) )»»,R0 

63 

9 

68. COO 


I' l SCc*BBT***s* p C**tll7*t TC/1000* I * l TC/100Q* ) 

69 

• 

69. COO 


IN5C3M LTH/Or a )»*. l*T"ES**.3 


m 

70.CC0 I. 


'"1NSC , »^D56Q?» 1 1 NSC 1 • ( INSC2/INSC3I „ 

71 

m 

71.CC0 

c 

JOINT 

72 

9 

72.CC0 


0P»( (A p /AT)»(4,0»THBSL/(3.t4l59*CF*PC>n*«.5 

73 

m 

73. COO 


JUI'.000?'*«(OIA/DP)«DIA*BBT 

74 

• 

74,000 


WlI.,OOCl78*{OIA-OPI«n2.*OIAtDPJ*BBT*80.*OU) 

75 

9 

75. COO 


lE(Wf|,3T.0«0J GO TO 33 

76 

• 

_ 76 • CCQ_ 


A I NS J*2 i C *WUI *NJ 

77 

m 

77 * COO 


GO TO 35 

78 

9 

78. COO 

33 

WJI.SJ'f -iUl +w t 1 )*NJ ■ 

79 

m 

79.CC0 

35 

WJNST’WINSC+NJNSJ 

80 

m 

80 • COO 

C 

I3NITLR WEIGHT 

81 

m 

81 .CCC 


WIGN* •13fe5fi«ni A**1.A5 

8? 

m 

??*CC0 


Exp I ES». t CC5* p RQ p B . * _ 

83 

m 

' S3. CCO 


BASSR”- C ASE+w Jg 1 NttwN8ZZ*WTTER*W|NST*WI GN+BSRMC 

84 

m 

84, COO 


U V CF P T »i>UN'C 1 * ( WPECOV+SRN JSS)*BUNC2 # (BASSRM) 

85 

m 

65,000 


BBgu'T*y*SS3M+SPMl SSAWPECO v*uncert *EXPI NS 

86 

w 

86. COO 


BlONT*B~0«t+PROPB«fXPINS . 

87 

w 

87 i COO 

30 

T3B°WT»MP8wT 

88 

m 

38 .COO 


TBL" U T,r ‘L 8 “T - - 

89 

9 

8 9 • C C 0 

C 


90 

9 

90 • CCO 

C 

RECOVERY SYSTEM WEIGHT 

91 

9 

91 #CC0 

c 


9? 

9 

92 » COO 

c 

parachute weight 

93 

m 

93. CCO 


WPAR«175.C+AP8.0»(BB6WT/( VRI*VRI ) 1 

94 

9 

94 • COQ 

c 

parachute inst weight 

95 

9 

” 95.000 


W°I •»6916*wPaP 

96 

m 

96.000 

c 

RETRO KOC<ET weight . - ... 

97 

9 

97.000 


WRR-.0819*B0«tWT*( VRI.VSOI/RRISP 

98 

9 

93 • COO 

c 

PRORfULAVT WEIGHT . 

99 

m 

99 . 000 


WRP» . 67F,*WRR 

100 

• 

ICC. 000 

c 

WATE.R Recovery HDW weight 

1C1 

• 

1C1 .000 


WwR»3«0» 

102 

* 

102. CCO 

c 

. 

103 

9 

1C3.000 

c 

SRM BODY ADAPTER weight 

104 

9 

1C4.COO 

c 



105 

9 

1C5.0C0 

c 

FORWARD SMRt 

106 

9 

1 C6 • CCO 


WFS»l3.fE«DlA 

1C7 

• 

1C7.C00 

c 

APT SKIRT/LAUNCH STRUCTURE WEIGHT 

108 

• 

108.000 


ASLSl*(eGLgWT(g,0»BLBWT) l/A.G - . 

109 

• 

1C9.0C0 


ASLS2« • A>5*THgsu»Ces( AA8E/57* 29257. )*( LF* (01 A/2t ) > 

no 

* 

110. CCO 


WASLS**C0RfeA»(ASLSlT(ASlS2/DIA) I 

in 

• 

111*000 

c 

ATTACH SE p /STRUCTURE WEIGHT 

1 12 

9 

112 .0 CO 


WACiRB^.f^THRSl, /BH*WT . _ - 

113 

9 

113. COO 

c 

NOSE PAIRING 

114 

■ 

11 4. CCO 


WNP».06C7*DIA*OIA 

115 

• 

115. CCO 

c 

T'JNNLL WEIGHT 

116 

■ 

116.000 


WTN»« 1 1 W»L TH 
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TABLE 5.4-4 

PROGRAM LISTING (Continued) 


117 

117.000 

c 

US 

118.000 


119 

119.000 

c 

120 

120.000 


121 

121.000 


122 

122. COO 


123 

123, CCO 


124 

124 . CCO 


125 

125. COC 


*1 2ft 

1 26 . COO 


127 

127, COO 


128 

128.000 


129 

129. COO 


130 

130.0C0 

40 

131 

131 .COO 


132 

132. OCO 


133 

133.000 


134 

13A.OOO 


135 

135. CCO 


136 

136. COO 


137 

137. CCO 


138 

138. COO 


139 

133. CCO 

700 

140 

HO. OCO 

800 

141 

HI .000 

900 

142 

1A2.CC0 

loco 

143 

1 A3 1 CCO 

1010 

144 

HA . 000 

1020 

145 

H5.C00 


146 

H6.CC0 


147 

1A7.000 


143 

148. COO 


149 

H9.0C0 

1030 

150 

150.000 

10A0 

151 

151,000 


152 

152.000 


153 

153 . COO 


154 

15a, CCO 


1 55 

155. CCO 

i05o' 

156 

156.000 

10 60 

157 

157. COO 


158 

158. COO 

i 

159 

159.000 


160 

lfcO.CCO 

1 

161 

161.000 

1 

162 

162, CCO 

1070 

163 

163, OCO 


164 

16A.C00 

1080 

165 

165,000 


166 

166. CCO 

{ 

167 

167, CCO 


168 

~ 168.000 

' 9999 

169 

169. CCO 


170 

17C.CC0 



AVIONICS WEIGHT 
WAV#182,0 
TPS WEIGHT 


WnCTPS», 018 * 0 !A*D!a 

SHM I ss.i, FS*WaSLS*WaS*WNFaWTN*WAV*WNCTPS*SRMIC 

WREC8 v« ypAR+wP I ♦WRR*WRP*WWR+SRMRC 

UNCE rT»3UNC1«< WrEC0V+SRMJSSHBUNCS*{BASSRM) 

630WT»fc!AS3RM*5RMISs+wRECBV*UNCERT*EXP!NS 

BLfiW'T'fc-^pwT + PPOPH.FXPINS 

H'iLOi- •hi.pi'.T 

LAMP«WROP8/BGL0W 

IP ( ABS< TPOBwt.BSOWT ) «LE t 10* ) GO TO (.0 

GO T8 30 

WRITE * 1C8# 1 000 ) 

WRITE I KA* 1C10) 

WRITE*. ICR# 10PO j 
WRITE ( 108# 1 030 I 
WRITE ( ICR# 1042) 

WRITE ( 1 OR# 10501 
WRITE I 1 0 8# 1060) 

WRITE < ICR# 1070) 

WRITE ( 108# lOAGj 
format t / / n x # 1 •••warning 
ebrmat (// 17 X, i *** warning 


BASSRM 

WCASE# W JO I NT# WNBZZa WTTER# W INST# W ION# BSRMC 

WReCBV 

wPa*#WP J,WRR,WRP#WWR,SRMRC 

SRHISS 

wfr#waSLS.WaS#WNF#WTN«WAV#WNCTPS#SRMIC 

UNCEkT#EXPINS 

BBBWT,HH8PH,LAMB#BGL8W 

L»6K AT CASE AND JOINT PARAMETERS*** ■ ) 
t.POK AT NOZZLE PARAMETERS***'! 


format* // iRX , ' •••warning lpok at insulation parameters***' ) 
format i// 2 ?x . 'weight summary <per srmj • lb,i) 

E 0 R m AT(// 2 ?X 4 'BASIC SRM WEIGH T'# 4 X# » ( ' # F 10 . 0 # ' ) ' ) 

format i/paxi 'Case we ight i# icx#fio.o#/ 22 X# 

1 'JOINT E IGH T i ,qX#rio» 0 #/??X, 'NOZZLE WEIGHT'jSX# 

2 F 10 .C»/??X» 'THRUST TER WE I GHT ' # *X#F 10 . C# / 22 X# 

3 ' INSULATION WEIGHT'# ax^E lo. 0 »/ 22 Xi ' IGNITER WEJGHT»# 7 X 
4 # F 1 0 ♦ 9 # / 2 eX j IBASIC SRM WT, C 0 NST . ' # IX# FlO.O ) 

F 0 R“aT(// 2 ?X, *SRM RECOVERY we IGHT '# IX, ' I ', FlO.O# ' ) » ) 
E 0 RMAT(/? 2 X, iPAARACHUTE Wfc IGHT ' # 5 X,F 10 . 0 #/ 22 X# 

1 'PARALHuTE I*mST| ' i AX# F 1 0 , 0 # / 22 X# I RETRO R 0 CKET'# 9 X| 
2 FlO» 0 '/? 2 x # 'PROPELLANT Wf iGht ' # 4 X# F 10 » 0 #/ 22 X# 

3 ' w A T f N REC, HWO, '# 6 X#F 10 . 0 #/? 2 *# 'SKM REC. WT. CONST. ' 

# ?X # F 1 0 , 0 ) - ' 

FORMAT (.// 2 ?x, 'SRM INTERSTAGE ST , ' # 2 X, ' { ' # F 10 . 0 # • ) * 1 
FORMAT </? 2 X# 'FORWARD SKIRT'# 8 X#F 10 . 0 #/ 22 X# 

1 UFT SKIRT St. ' # 6 X,F 10 . 0 #/? 2 X# 'ATTACH/ SEP STRUCT' 

2 # 4 X#F 10 .C#/??X, 'NOSE FAIRING', 9 X#F 10 . 0 #/ 22 X# 

3 ' TUNNEL WEIGHT i# 8 X J Eio, 0 ,/ 2 ?X# i AVIONICS WEIGHT'# 6 X# 

*F 10 . 0 #/? 2 A, 'TPS WEIGHT '# 11 X#P 10 » 0 #/ 22 X# 'SRM INTERS. CONST' 

5 # AX, F 10 . 0 ! 

FORMAT ( / 2 c X # 'UNCERTAINTY W'T , ' # 5 X# ' ( • #F 10 . 0 # ' ) ' « // 22 X# 

1 'EXPf N'OAPLES • # 9 X# ' ( ' #F 10 . 0 # ' 1 ' ) 

FORMAT ( /? 2 X, i SRM BURNOUT WEIGHT l# 2 X# I ( «#F 10 . 0 # *> '# 

1 / / 2 2 X # ' S F M prop, WFIGHT'#AX, »( »#F 10 . 0 # ') »a/ 22 X# 'LAMBDA* 
2 # 2 X,Fb.",#// 2 ?X# 'SRM GROSS WE I GH| » # 3 X# ' < { « # F 1 0 a 0 # ' ) ) ' ) 

GO TB 1 

Call (-LPSF 5 ~ """ 

ST 0 P 

ENO 
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APPENDIX A 

SINGLE FACE CORRUGATION SHELL WEIGHT MODEL 


In advanced design studies, it is not practical to analyze each structural 
item in sufficient depth to determine its associated weight. Therefore, weight 
estimation models, correlated where possible to hardware, are required. These 
models are not intended to yield optimized structural designs . They must , 
however, provide data adequate to define reasonable weights and their sensitivities 
to the design and performance criteria applicable to each advanced design study. 

Spacecraft have body structural shells which vary from cylindrical or conical 
cross sections to flat— sided, noncircular cross sections. It is necessary to 
consider a structural concept that can accommodate all of these shapes and still 
provide adequate strength and stiffness during all mission phases. Two basic 
requirements of the inner body shell structure are to provide load paths for * 
carrying aerodynamic and inertia-induced loads (i.e., body bending moments, axial 
loads , and shear loads) , and to provide a pressure shell for carrying internal 
pressures. When this latter condition occurs simultaneously with aerodynamic and 
inertia loads, the structural shell is analyzed using beam-column analysis. 

The analytical equations are developed for a single skin, stiffened longi- 
tudinally with open-face trapezoidal corrugations as illustrated in Figure A-l. 

Single-skin, open-face corrugations are analyzed as though each pitch of 
skin corrugation acts as an individual beam-column. Beam-column length is equal 
to the interval between frames. Boundary conditions consider the primary shell 
skin to exhibit negligible hoop tension or compression capability; therefore, 
each pitch of skin corrugation beams the entire lateral pressure loads to 
structural frames. Extent of conservatism exhibited by assuming negligible hoop 
capabilities is highly dependent upon shell deviation from a cylindrical cross 
section. Cylindrical shells provide excellent load paths for carrying hoop loads. 
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SYMBOLS USED IN EQUATIONS 


tu 


cy 


E 

F 


cc 


rb 


P 

P 


cr 


all 


q 

q 

M 

M 


ultimate tensile strength, lb/in 

2 

compressive yield strength, lb/in 

2 

Young 1 s modulus of elasticity, lb/in 

2 

crippling stress, lb /in 

allowable column stress , lb/in e 

reference bending stress employed in plastic bending analysis, lb/m 

applied, ultimate axial load, lb 

allowable column load per Johnson's equation, lb 
critical column load per Euler's equation, lb 
axial load at failure, lb 

applied, ultimate uniform radial loading, lb/in 
applied, ultimate pressure, lb/in 
applied, ultimate bending moment, in-lb 

bending moment due to lateral load and corresponding to y Q , in-lb 


o 


M 


all 


y 

y 


o 


a 


1 

1-a 

A 

L 

L 1 

t 

b 


s 

1 

P 

Q 

z 

w 

k 


allowable bending moment in plastic bending, in lb 
maximum final or total deflection, l n 

maximum deflection due to lateral and/or moment plus initial 
eccentricity - in 

ratio of P/Pcr or P all / Pcr > scalar 
deflection magnification factor, scalar 

2 

cross-sectional area of beam or column, in 
beam-column length, spacing between frames, in 
effective beam-column length, L — 1<//C ^ , in 
thickness , in 

element width used in crippling equations, in 
corrugation pitch, in 

. 4 

area moment of inertia, m 

3 

material density, Ib/in 

static moment of area about neutral axis for plastic bending, in 
. 3 

section modulus, in 

2 

unit weight, lb/ft 
radius of gyration, in 
fixity coefficient, scalar 
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t s = 0.488 t 
s «= 20 t s 


b { = 6.0 t s 
b w = 15.0 t $ 



FIGURE A-l 

SINGLE-SKIN, TRAPEZODIAL CORRUGATION GEOMETRY 

(Sizing Model) 


The following work develops the shell sizing model which is taken directly 
from Reference b. 

Beam Columns - A beam-column is a compression member which is also subjected 
to bending loads. Bending may be caused by eccentric application of the member, 
lateral loadings, or a combination of these. 

The final deflection at the center is: 
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The moment on the column can then be expressed by the following equation. 


M = Py + M 
J o 

The margin of safety of a beam-column can be calculated using the following 
interaction formula: 

Rb + R c - 

where 


*b 


all n-V o 


M 


all 


and 


R - all 

C F A 
cc 


Substituting the ratios and into the interaction formula yields the 


following equation: 

P \ /P . ,\ 2 /p P y 

cr \ / all \ / cr cr o 

F A P / " F A M .. 

cc / \ cr / \ cc all 


( 


M 


M all /\‘cr/ “all 

This is a quadratic equation with P^^/P^ as t ^ ie un .^nown. It can be solved 
by the usual quadratic formula: 


+ 1 


all 


M 


M 


+ 1 = 0 


all 


cr 


-b + ^b 2 -4ac 
2a 


where 


P 

a *= cr 


F A 
cc 


■( 


P y 

cr cr_o_ 


M 


F A 
cc 


M 


all 


M 


all 


+ *) 


M 


M 


4- 1 


all 


The negative sign before the radical gives the proper answer when substituted 
into the following expression: 


p = P 
all cr 


m 
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Before proceeding, it is necessary to solve for the quadratic equation 
coefficients, a, b, and c, in terms of the single— skin, open-face corrugation 
geometry. This is accomplished in five basic steps: 

(1) determination of allowable crippling stress (F ) - To determine allowable 
crippling stress, the following geometric relationships are used: 

t t = 0.05s A = 0.1025s 2 

s s , 

t = 0,025s I = 0.0074s 4 

c 

b = 0.30s 

b = 0.75s 
w 

c 


From Reference b, the crippling stress for a no-edge, free element may be 
found from the equation: 



F = 1.41 
cc 


F .595 _ 

cy E_ 

E ,b_s 0 . 81 


For a given element, the maximum value allowed for F is F 

G * cc tu 


In any 

equation used for determining the composite crippling stress of a skin corrugation, 
it is necessary to account for three geometrically different elements as follows: 


Element 2, where 


and 


h: = 

0.30s 

t 

c 

0.025s 

b 

w _ 

0.75s 

t 

c 

0.025s 

s _ 

l.s 

t 

s 

0.05s 


= 12 


= 30 


= 20 , 


The following combinations of conditions are possible stress levels for the 
skin-corrugation elements: 

(a) no elements working at F 


(b) one element working at F 


tu 


tu 


(c) two elements working at F 


tu 


(d) all three elements working at F 
For each possible combination, a composite F of skin corrugation is 
obtained from the following equations shown in Table A-l. 
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TABLE A-l 
EQUATIONS 


Define Z = 



F 

E 


0.595 


Lower 

Upper 


Limit Z 

Limit Z 


0 

5.3 

F 

„ cc = 0.1215 Z 
F tu 

5.3 

8.02 

F 

„ cc = 0.094 Z + 0.146 
F tu 

8.02 

11.11 

F 

cc = 0.0328 Z + 0.634 
F tu 

11.11 

OO 

F 

CC T 

F tu " 


(2) determination of allowable buckling load (P c ) - The allowable buckling 
load is calculated from Johnson’s Parabola for short columns: 

P -F A- F cc 2(L ’ /k)2 A 

c . cc y- 

4ii E 

For the skin— corrugation structure with a full fixity as the assumed boundary 

condition, the Johnson's equation becomes: 

— 


P = 0.1025 1/ 
c 


(L/s) 2. 85460^ 

Calculating the column stress from Johnson T s equation, 


cc 


cc 


F c " r 

It must be verified that F is equal to or greater than one-half of F^. If 
this is not the case, then basic Euler column equation replaces Johnson's equation, 

or : p 

P « it 2 — - and F = ~ 
c x, , v 2 c A 


a*)' 
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(3) determination of initial deflection (y ) and initial moment (M ) - 

o o 

These values are obtained from "Formulas for Stress and Strains," by R. J. Roark, 
4th ed., dated 1965, for a beam carrying a uniform lateral load. The equations, 
after substituting appropriate geometries, are: 


y o 2.84 


Sk!. 

Es 3 


and 


M = 

o *2 


C f qSL 


The values of and k^ are given in Table A-2. 


TABLE A-2 
FIXITY CONSTANTS 


fixity condition 

c f 

k l 

k 2 

both ends fixed 

4.00 

1.00 

12.00 

both ends pinned 

1.00 

5.00 

8.00 

one fixed, one pinned 

2.04 

2.30 

9.95 

one fixed, one free 

0.25 

47.97 

4.00 


(4) determination of allowable bending moment (M “ l n determining the 
allowable bending moment, the basic plastic bending equation found in Reference b 
is employed: 


“all - «1 + V 


rb 


Substituting the geometric relationship for the skin corrugation into this 
expression, the following expression for M is obtained. 

al X 


M = 0.0193s' 
all 


tu 


(5) quadratic equation coefficients - The coefficients a, b, and c are 
expressed as follows: 


P 

c 

F F 2 

cc cc 

. (L/s) 2 2.8546C f ; 

F A 
cc 

F 

cc 


(L/s) 2 
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b = - [(a+c) + 


k l k 2 C f 


284 


E \2 ; 

Li 


T / ! M 

$ r ( 5T 


-) ] , and 


all 


c = 1 - 


1 (k) 2 (-3-) 

0.0193 k 2 C f '“s'' 


where 


if F > 1/2 F , P r - • 1025L 
c — cc L. 


If F < 1/2 F , then P 

c CC c 


CC 


cc 


.1 


(.,/ s ) 2 " 2 - 8546 c £ E 


L 2 El 

- TT 2 

a'r 


{(Johnson's equation) 

•J 


(Euler's equation) 


The subroutine utilizes an iterative process where values of the skin thick- 
ness (t ) are varied until P ^ approaches P, or the margin of safety approaches 
zero. As shown on Figure 1, the value calculated for t s must satisfy the require- 
ment: 


t 

= t > t . . 

2 c — minimum 


The value t represents a minimum sheet thickness, bas.ed upon manufacturing 

minimum 

and/or handling limitations used in the aerospace industry. _ 

Using the relation between skin thickness (t g ) and equivalent thickness (t) 
shown on Figure A-l , the shell unit weight is determined by: 

W = 144 p t 

Circular Shells - As previously discussed, cylindrical and conical shells are 
capable of carrying hoop loads. However, the present equations do not account for 
this capability. Therefore, conical shells, which are employed on ballistic 
vehicles, cargo propulsion modules, and launch vehicle adapters, are conservatively 
sized by the techniques for noncircular shells. 
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" General Instructions - This is a program for finding the unit weight of 
a single-face corrugation shell for a given running load, operating temperature, 
and material. A linear expression giving unit weight in terms of running load is 
produced as well. Three outputs are given which can be used as inputs to the 
Aerosurface Calculation Program. 

REQUIRED INPUT 


The input form used is the "namelist" type which eliminates any fixed 


format 

problems. The namelist variables used are given below. 


Name 

Variable 

Units 

E 

Young’s Modulus of elasticity at operating temp. 

lb /in 3 

FTU 

Ultimate tensile strength at operating temp. 

lb /in 3 

FCY 

Compressive yield strength at operating temp. 

lb /in 3 

MATL(I) 

,1=1,3 Material Name 

— 

RHO 

Material Density 

lb/in 3 

RS 

Rib Spacing 

In 

TEMP 

Operating temperature 

°F 

Q 

Running Load 

lb/ in 

FIX 

Indicator of fixity condition 

— 


1 - both ends fixed 

■ - 


2 - both ends pinned 



3 - one end fixed, one end pinned 

4 - one end fixed, one end free 

LIM Variable limiting number of points per run (for 

LIM = 50, Q RUN^ = 32000 lb/in.) 

Table A-3 is a typical input file for various materials , temperatures, and 
pressures. Tables A-4 through A-10 are the resulting outputs for these data, and 
Table A-ll is a Fortran listing of the Shell Program. 


A-9 


/VfCDO/V/VELL DOUGL4S ASrWO/V^UTICS CO/VfPA/VV - EAST 



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


TABLE A-3 
SAMPLE INPUT FILE 


1.000 

2.000 

3.000 

4.000 

5.000 
6.000 

7.000 

8.000 
9.000 

10.000 

11.000 

12.000 

13.000 

14.000 

15.000 

16.000 


ALUM 2024-T361 

E=10.5E+06,FTU=71000.,FCY=63000.,RHO=.1,RS=20. 

o=\. 4 ,fix=3,li m=,1 3 5{ 

ALUM 2014-T651 

E=10.7E + 06,FTU = 66000'.,FCY = 50000.,RMO=.101” 

ALUM 2219-TS7 

E=lO.5E + O6 / FTU=6nO00. / FCY=53OOO. / RHn=. 102- 

ALUM 7075-1^51 

E=10. 3E+06, FTU=73000. ,FCY=69000. ,RMO=. 101- 
ALUM 7079-T651 

E = in.3E + 06,FTU=76000.,FCY = 6flr)00.,RHO=.0 M” 

TITANIUM 6AL- i IV 

e=i6.oe+o5,ftu=i6oooo. ,fcy=15 1 iooo. ,r;io=. i6o !: 

titanium 6al-4v 

E = 13. 1F.+06, FTU=ll3000 . , FCY = 92000 . , RNO= . 160 
TEMP=600 .- 
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TABLE A-4 
RESULTING OUTPUTS 


ALUM 2024-T861 TEMP= 70. F 0= 1.-40 PS I 

E= . 105E 03 PSI FTU = 71000. PS I FCY= 63000. PS I 


RMO = .100 L3/IN3 RIB S PAC 1 1 4 G = 20.0 IN 


FIXITY 

COEFFICIENTS 2 

. 04 

(ONE 

END FIXED, ONE 

: PINNED) 

OR UN 

WBAR 

K 


OP. UN 

WBAR 

100. 

.51 

10 


7500. 

2.34 

200. 

. 61 

7 


8000. 

2.44 

300. 

.68 

5 


8500. 

2.55 

400. 

.74 

3 


9000. 

2.66 

500. 

. 80 

5 


9500. 

2.77 

600. 

.84 

5 


10000. 

2.39 

700. 

.88 

5 


11000. 

3.11 

800 . 

.92 

6 


12000. 

3.34 

90 0. 

.95 

6 


13000. 

3.57 

1000. 

.93 

6 


14000. 

3.80 

1500. 

1.12 

6 


15000. 

4.04 

2000. 

1. 23 

5 


16000. 

4.23 

2500 . 

1.32 

5 


17000. 

4.51 

3000. 

1.42 

5 


18000. 

4.75 

3500. 

1.51 

5 


19000. 

4.99 

4000. 

1. 62 

4 


20000. 

5.23 

4500 . 

1.71 

4 


21000. 

5.48 

5000. 

1. 81 

5 


22000. 

5.72 

5500 . 

1.91 

5 


23000. 

5.96 

6000. 

2.02 

5 


24000. 

6.20 

6500. 

2.12 

5 


25000 . 

6.45 

7000. 

2.23 

5 




SLOPE= 

.000227 PS F/ LB / IN 

CB= 

.68 PSF 


FA= 

63444. PSI 

TAU = 

22010 

. PS I 


W!3AR = 

. 000227 f: ORUN 

+ 

.68 
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TABLE A-5 
RESULTING OUTPUTS 


ALUM 2014-T651 TEMP= 70. F 0= 1.^0 PSI 


E = .107E 03 

PS I 

FTU= 

66000. PSI FCY= 

59000. PSI 


RMO= .101 L 3 / I N 3 

RIB SPACING^ 20.0 IN 



FIXITY COEFFI Cl ENT = 

2.04 

(ONE END FIXED 

, ONE PINNED) 


ORUN 

W3AR 

K 

ORUN 

WEAR 

K 

100. 

.52 

10 

7500. 

2.41 

5 

200. 

.62 

7 

8000. 

2.53 

5 

300. 

.69 

5 

8500. 

2.64 

5 

400. 

.75 

3 

9000. 

2.76 

5 

500. 

. 80 

5 

9500. 

2.38 

5 

600. 

.35 

5 

10000. 

3. on 

5 

700. 

.89 

5 

11000. 

3.23 

5 

800. 

.93 

5 

12000. 

3.48 

5 

900. 

.96 

6 

13000. 

3.72 

5 

1000. 

.99 

6 

14000. 

3.97 , 

5 

1500. 

1.13 

5 

15000 . 

4.21 

5 

2000. 

1.24 

4 

16000 . 

4.46 

5 

2500. 

1. 34 

5 

17000 . 

4.71 

5 

3000. 

1.44 

5 

18000 . 

4.97 

5 

3500. 

1. 55 

4 

19000 . 

5.22 

5 

4000. 

1 . 65 

4 

20000. 

5.47 

5 

4500. 

1. 75 

5 

21000. 

5.73 

5 

5000. 

1.86 

5 

22000. 

5.93 

5 

5500. 

1.97 

5 

23000. 

6.24 

5 

6000. 

2.0 8 

5 

24000. 

6.50 

5 

6500. 

2.19 

5 

25000. 

6.75 

5 

7000. 

2.30 

5 




SLOPE= .000240 PSF/LB / IN 

CB= .66 P 

SF 


FA= 60672. 

PSI 

TAU = 

20460. PSI 




WBAR= .000240 " ORUN + .66 
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


TABLE A-6 
RESULTING OUTPUTS 


ALUM ; 

2219-TS7 

TEMP= 70. 

F 0= 1.40 

PS I 

E= .1050 08 PSI 

FTU= 64000. PSI 

FCY= 53000 

. PSI 

rmo= .: 

102 LB/IN3 

RIB S PACI NG = 20. 

0 IN 


FI XI TY 

COEFFI Cl ENT= 

2.04 CONE END FIXED, ONE 

PINNED) 

QP.UN 

WBAR 

K 

ORUN 

WBAR 

100. 

. 52 

10 

7500. 

2.54 

200. 

.63 

7 

8000 . 

2.67 

300. 

.71 

4 

8500. 

2.79 

400. 

.77 

4 

9000. 

2.92 

500. 

.82 

5 

9500 . 

3.05 

600. 

.86 

5 

10000. 

3.18 

700. 

.91 

5 

11000. 

3.44 

800 . 

.95 

5 

12000. 

3.70 

900. 

.93 

6 

13000. 

3.96 

1000. 

1. 01 

6 

14000. 

4.23 

1500 . 

1.15 

5 

15000 . 

4.50 

2000. 

1. 26 

5 

16000. 

4.77 

2500. 

1.37 

5 

17000 . 

5.04 

3000. 

1.48 

5 

18000 . 

5.32 

3500. 

1. 60 

4 

19000 . 

5.59 

4000. 

1.71 

3 

20000. 

5.36 

4500 . 

1.82 

5 

21000. 

6.14 

5000 . 

1.94 

5 

22000. 

6.42 

5500 . 

2.06 

5 

23000. 

6.69 

6000. 

2.18 

5 

24000. 

6.97 

6500 . 

2.30 

5 

25000. 

7.24 

7000 . 

2.42 

5 



SLOPED 

.000260 PSF/LB/IN 03= 

.64 PS F 


FA= 

56462. PSI 

T AU= 19840. 

PSI 



WBAR= .000260 ORUN + . 6^1 


A-13 


MCDONNELL. DOUGLAS ASTRONAUTICS COM RANT - EAST 


Xr VJ1 U1 U1 VJI \J\ VJ1 U1 Ul VJ1 WT \J1 VJ1 \J1 VJ1 VD \JT VJT 'OT \J1 



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


TABLE A-7 
RESULTING OUTPUTS 


ALUM 7075-T651 

TEMP: 

= 70. F 0= 

1.40 PSI 

E= .103E 08 PS I 

FTU= 73000. PSI FCY = 

69000 . PSI 

RUO = .101 LB/IN3 

RIB S PACI NG= 20.0 IN 


FIXITY 

COEFFI Cl ENT = 

: 2.04 

(ONE END FIXED, ONE PIMM 

QRUN 

WSAR 

K 

OR UN 

'/BAR 

100 . 

.51 

* 

10 

7500. 

2.29 

200 . 

.61 

7 

8000 . 

2.39 

300 . 

.69 

5 

8300 . 

2.49 

400 . 

.75 

3 

9000 . 

2.60 

500 . 

. 30 

5 

9500 . 

2.70 

600 . 

. 35 

5 

10000 . 

2.81 

700 . 

.89 

5 

11000 . 

3.02 

800 . 

.93 

6 

12000 . 

3.24 

900 . 

.96 

6 

13000 . 

3.46 

1000. 

1.00 

6 

14000. 

3.68 

1500 . 

1.13 

6 

15000 . 

3.90 

2000. 

1.24 

5 

16000. 

4.12 

2500. 

1. 34 

6 

17000 . 

4.35 

3000 . 

1.43 

5 

18000 . 

4.58 

3500. 

1.52 

5 

19000 . 

4.30 

4000 . 

1. 61 

5 

20000. 

5.03 

4500 . 

1.71 

4 

21000. 

5.26 

5000. 

1. 30 

4 

22000. 

5.49 

5500. 

1.89 

5 

23000. 

5.72 

6000. 

1.99 

5 

24000. 

5.96 

6500 . 

2.09 

5 

25000. 

6.19 

7000. 

2.19 

5 



SLOPE = 

.000215 PSF/L'3/IN 

CB= .72 

PS F 

FA= 

67641. PSI 

TAU = 

24180. PSI 


WBAR= 

.000 215 :: Q P.UM + .72 
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


TABLE A-8 
RESULTING OUTPUTS 


ALUM 7079-TG51 TEMP= 70. F 0= 1.40 PS I 

E = .103E 03 PSI FTU= 76000. P51 FCY= 63000, PS! 


RHO= .099 L0/IN3 R I B SPACING= 20.0 IN 


FIXITY 

COEFFI Cl ENT = 

2.04 

(ONE END FIXED, 

ONE PINNi 

QRUN 

l/BAR 

K 

OR UN 

WBAR 

100. 

.50 

10 

7500. 

2.26 

200. 

. 60 

7 

8000. 

2.36 

300. 

.68 

5 

8500. 

2.46 

400 . 

.74 

3 

9000. 

2.57 

500. 

.79 

5 

9500. 

2.67 

600. 

.83 

5 

10000. 

2.78 

700. 

.88 

5 

11000. 

2.99 

800 . 

.91 

6 

12000. 

3.20 

900. 

.95 

6 

13000. 

3.42 

1000. 

.98 

6 

14000. 

3.64 

1500. 

1.11 

6 

15000. 

3.86 

2000. 

1.22 

5 

16000. 

4.08 

2500. 

1.31 

6 

17000. 

4.31 

3000. 

1.40 

5 

18000. 

4.53 

3500. 

1.49 

5 

19000. 

4.76 

4000. 

1.53 

5 

20000. 

4.99 

4500. 

1.63 

4 

21000. 

5.21 

5000. 

1.77 

4 

22000. 

5.44 

5500 . 

1.86 

5 

23000. 

5.67 

6000. 

1.96 

5 

24000. 

5.90 

6500 . 

2.06 

5 

25000. 

6.13 

7000. 

2. 16 

5 



SLO PE = 

.000214 PS p 

/LB/IN 

CB= .70 PS 

F 

FA= 

66721. PSI 

TAU = 

23560. PSI 



WBAR = .000214 " ORIJN + .70 
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E074G 
VOLUME I 
28 FEBRUARY 1973 


TABLE A-9 
RESULTING OUTPUTS 


TITANIUM 6AL-4V TEMP= 70. F 0= 1.40 PS I 

E= . 160E 08 PS T FTU = 160000. PS I FCY = 154000. PSI 


RMO= .160 L13/IN3 RIB SPACING= 20.0 IN 


F I XI TY 

COEFFICIENTS 

2.011 

(ONE END FIXED, ONE 

PINNI 

QRUN 

WBAR 

K 

OR UN 

’/BAR 

100. 

.67 

13 

7500. 

2.61 

200. 

. 81 

8 

8000. 

2.63 

300. 

.92 

7 

8500. 

2.75 

400 . 

1.00 

6 

9000. 

2 . 82 

500 . 

1.07 

5 

9500 . 

2.90 

600. 

1. 14 

4 

10000. 

2.97 

700. 

1.19 

3 

11000. 

3.13 

800. 

1.25 

5 

12000. 

3.23 

900. 

1.29 

5 

13000. 

3.43 

1000. 

1. 34 

5 

i4ooo. 

3.59 

1500. 

. 1-52 

7 

15000. 

3.75 

2000. 

1. 67 

7 

16000. 

3.92 

2500. 

1.80 

7 

17000. 

4.08 

3000. 

1.91 

7 

18000 . 

4.25 

3500. 

2.01 

7 

19000. 

4.42 

iiooo. 

2.10 

6 

20000. 

4.59 

4500. 

2.19 

5 

21000. 

4.76 

5000. 

2.26 

5 

22000. 

4.93 

5500. 

2. 33 

6 

23000. 

5.10 

6000. 

2.110 

6 

24000. 

5.23 

6500. 

2.47 

5 

25000. 

5.45 

7000. 

2 . 5^ 

5 



S LO PE = 

.000161 PSF/LB/IN 

CB= 1.33 PS F 


FA= 1113173. RSI 

TAU = 

49600 . PSI 



WBAR = .000161 " QRUN + 1.38 
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E0746 
VOLUME I 
28 FEBRUARY 1973 


TABLE A— 10 
RESULTING OUTPUTS 


TITANIUM 6AL-4'/ 

E = . 131L 08 PS I 

RHO= .160 LB /I NT 
FIXITY COEFFICIENTS 


TEMP= 600. F 0= 1.40 PSI 

FTU= 118000. D SI FCY= 98000. PSI 
RIB SPACING= 20.0 IN 
2.04 (ONE END FIXED, ONE PINNED) 


QRUN 

W BAR 

K 

OR UN 

*7 BAP. 

100. 

.72 

12 

7500. 

2.99 

200. 

.88 

7 

8000. 

3.09 

300. 

.99 

6 

8500. 

3. 20 

400 . 

1.03 

5 

9000. 

3. 31 

500. 

1.16 

4 

9500. 

3.43 

600. 

1.23 

4 

10000. 

3.54 

700. 

1.29 

5 

11000. 

3.77 

800. 

1 . 3 J » 

5 

12000. 

4.00 

900 . 

1. 39 

5 

13000. 

4.24 

1000. 

1.44 

5 

14000. 

4.43 

1500 . 

1.64 

7 

15000. 

4.72 

2000. 

1. 80 

7 

16000. 

4.97 

2500. 

1.93 

6 

17000. 

5.22 

3000 . 

2.05 

5 

18000. 

5.47 

3500. 

2.16 

6 

19000. 

5.72 

4000. 

2.26 

6 

20000. 

5.97 

450 0 . 

2.36 

5 

21000. 

6.23 

5000 . 

2.46 

5 

22000. 

6.43 

5500. 

2.56 

5 

23000. 

6.74 

6000. 

2.66 

5 

24000. 

7.00 

6500 . 

2.13 

4 

25000. 

7.26 

7000. 

2.88 

4 



SLOPE= 

.000236 PS 

F/LB/IN CB= 

1.25 PS F 


FA = 

97750. PSI 

T AU= 36580. 

pc 1 


WB A R = 

.000236 :: QRUN + 1.25 




K 
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TABLE A— 11 
FORTRAN LISTING 


DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT IYIDC E0746 
VOLUME I 
28 FEBRUARY 1973 
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS 
COMPUTER PROGRAM - FINAL REPORT 


REPORT MDC E074G 
VOLUME I 
28 FEBRUARY 1973 
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